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A Meafuring Wheel, and 
The Pantographer, for copying of Drawings. 
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PR EEA G-E. 


- N the following treatife is cofitained the whole 
bufinefs of land furveying, in the manner as 
is now practifed by the moft experienced artifts ; 
together with fuch problems and obfervations as 

are really neceflary : And herein the fubject is treated 
of in fuch a plain, tho’ concife manner, that the moft 
common capacity, with a very little reflection, will 
readily conceive the whole; efpecially if he has 
the inftruments before him while he reads of their 
ufe: And although a great part of this work may 
be like what has been délivered by other writers, yet 
‘there is not one article relative to practice, but what 
the authors have drawn from their own experience. 
The reader will here find, after forte few intros 
ductory problems, a very particular and exact defcrip- 
tion of the feveral inftruments ufed in furveying, and 
a juft comparifon of them together; particularly the 
various forts of Theodolites: With due directions 
and cautions in their management, according to thetr 
feveral kinds; in order to prevent errors and mt- 
ftakes, as well in the taking obfervations, and cor- 
recting them on the fpot, as in plotting and laying 
them down in the draught. ‘ 
Alfo two very large examples, being parts of ac- x 
tual furveys, containing moft of the varieties that * 
can happen in the practife of this art; the one per- 
formed by the common Theodolite, the other by the 
a new x 
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e The PREFACE, 


new improved Theodolite: The manner of keeping 
the field-book in a diftinét-and.clear méthod ‘is here 
fhewn; how the obfervations and meafures are to 
be plotted, and the contents of the feveral inclofures 
and pieces caft up: Alfo in the courfe of thefe two 
examples, and other parts of the work, there will be 
met with, every caution and direction that can any 
way contribute towards the ready difpatch and ac- 
curacy of the practitioner, not only with regard to 
the field work and plotting, but alfo in the drawing, 
colouring, and ornamenting of the map, 

The new improved Theodolite is herein explained 
in its parts and ufe ; alfo its application to water level- 
ling, taking of heights, and drawing in perfpective, 
are diftinctly and clearly treated) of, 

In the account of the Meafuring-wheel, Univer- 
fal-dial, and Pantographer, the reader will fee fome 
particulars very ufetul and interefting; but, as there. 
as annexed a copious table of contents, . it will be 
needlefs in this place to infift further on any of the 
articles contained therein, 

The major part of this work was originally com- 
pofed by that ingenious artift Mr. Samuel Cunn ; but 
for fome reafons he let it appear under the name of 
John Hammond, who was a clerk to his friend Mr. 
Charles Brent. The fecond edition of this book was 
under the care of Mr. Samuel Warner, a perfon well 
known for his {kill in the bufinefs of furveying; he 
added an appendix, containing a more particular de- 
{cription of the Improved Theodolite, with a new 
method of ufing it in taking obfervations in the field ; 
whereby an error may be more readily difcovered 
and prevented than by any other way hitherto ufed ; 
with an example of the field-book of part of an ac- 
tual furvey taken thereby, Likewife a full explana- 
tion of the manner of laying down thofe obfervations 
from one center, fo as to avoid the faults which arife 
from protracting angle by angle. As alfo how to 

reduce 
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Thee? RE FA CR lil 
reduce irregular figures to triangles, with the appli- 
cation thereof in the cafting up the contents of the 
forementioned example. This appendix is now put 
into the body of the work, part being in Seétion I, and 
of the reft is compofed the VIflth Section. In the 
prefent edition, the former order of the fubjects are 
varied, the revifer thinking the order they now ap- 
pear in to be better: But befides this change, there 
are a very confiderable variety of corrections, alter- 
ations, and.additions; for the XIVth and XVIth 
Sections are not only added, but there are introduced 
into the work, many articles not in the former edi- 
tions, and which were now thought very neceffary 
to be communicated: Notwithftanding which, the 
bulk of this book is not increafed above the former s 
tho’ the prefent contains near three fheers of matter 
more than was in the laft; which has been effected by 
making the page both broader andlonger. Alfo the 
figures which in the former impreffions were in four 
{mall plates, indifferently defigned, and as ill refer- 
red to, are in this brought into one plate, and ren- 
dered more ufeful. 

It may be proper to obferve, that fome of the no- 
tions in Section XIV were drawn from a little book 
of Martin Majter, publifhed in 1661: And part of 
the XVith Section, is a tranflation from a French 
piece publithed by C. Langlois, an engineer to the 
French King, who pretends to no more than to have 
perfected an inftrument of this kind already known ; 
and, indeed, among the inftruments of Sir Yonas 
Moore, fuch a one was found, but fomewhat more 
antique-and inconvenient than that which is now pro- 
poled: But M. Langisis not having given a table of 
the lengths of the feveral divifions from their refpec- 
tive centers, nor how they are to be found, it was 
thought proper to add thefe articles to compleat the 
account of the Pantographer, 
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1V The PREFACE: me 
Note. The enfuing directions having been omitted 
in their proper places; it was thought conveéniént td 
annex them in this place: | } 
In the beginning of the field-book it will be pro- 
per to write fome fuch title as the following— 
The field-book, containing obfervations and di- 
menfions taken in the furvey of the manor of- 


























in the parifh of ——in the county of-——— 5 bélong- 
ing to Surveyed in the months of ——— in 
the year by———and the following affiftants, viz: 
A. B. of the parifh of-+——labourer, 

C. D. a 

&Se. 


Specifying their names, places of abode arid occti- 
pation ; and at the beginning of each day; write the 
day’s name, day of the month and hour; alfo at thé 
end of each day’s work write the hour ; and, if theré 
fhould be occafion to change any of the affiftants; 
or have new ones, let this be alfo inferted, with the 
day: For fuch obfervations may be of fervice, in 
cafe the furveyor fhould, on any account felating to 
the premifes, be called on to give his teftimony. 

In drawing out the Terrier of a furvey, a difpo- 
fition, fomewhat like the following, may be found 
convenient. In fix columns, titled N°, Kind, Names; 
Proprietors, Tenants, Quantity ; write 

iff, ‘The number refered to in the map, if the fet 
veral pieces therein are numbered. 

2d, The kind, whether arable, pafture, meadow; 
wood, garden, houfes, yards, water; &e. 

34, The name that the piece is known by. 

4th, The name of the lord of the manor, or other 
perfon, to whom the piece belongs, whether in fee- 
{imple or copy-hold, 

5th, The name of the tenant who rents, or oc- 
cupies the piece, 

6/6, The quantity that piece contains, in acres; 
rods, and poles. 
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eds Oe Weed B 
E’ menfuration in general, with the moft necef- 
fary geometrical problems. Ao DAerE 
Viz. To draw perpendicular lines. 3, 4 
To bifect lines. 4 
Io make equal angles, 5 
To.draw parallel lines. Ky O 
Lo divide right lines into many equal parts. 6 
To make equal right lined figures, 7 
Lo reduce irregular figures to triangles, 8 
petiche, 8 Ra iad Sets eda | 
Of inftruments ufed in Surveying of land. 1x 
ae Se Ts sea Wag 9 9 ke 
To obferve the pojition of a line by any of the pre- 
* ceding inftruments. 4 
Firft, By the circumferentor. ibid. 
* + Go try if a needle plays well. 15 
Yo protract any line, whofe bearing is taken 
\ by the circumferentor, 17 
Secondly, To obferve with a Theodolite, both by the 
"<<" limb, and by the box and needle. 18 
To correct the angles and bearings, before 
the infirument is removed. 19g 
To plot, and therein to difcover and cor- 
‘vec? an error before it is communicated 
to the following part of the work 25 
Traverfe tables, ufeful in furveying. 28 
Thirdly, To objerve with a femicircle, that has a 
| box and needle. 20 
Fourthly, Of tbe peragfor. ibid. 
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vi The CON TEN TS 


Fifthly, Of the plain table. x 3% 
To-take a plan by the plain table. - 92 
Sixthly, Of working with the chain, 36 
Of the off-fet fiaff. ibid. and 42 
Of the arrows. ibid. 


To take the pofition of lines by the chain, 38 

To plot fuch pofitions. 40 

Zo find the pofition of a meridian line, 41 
IV, 


SE € F. 
To caft up the contents of land; with the method 
of reducing irregular curves to ftrait lines, 43 
S EC tae 
Of the laying out, or dividing of land 46 
Firlt, By a line parallel to one fide. 49 
Secondly, By a line drawn from one angle, 50 
Thirdly, By lines drawn from any point within. 51 
SE. C.Ty Vi. 


The ufe of the common Theodolite, exemplified in fur- 
veying of feveral parcels of land lying together ; 
with the form of a field-book. 52 

Flow off-fets are to be taken, 


54 

To difcover errors caufed by the lofs of arrows. 56 
To correct the obfervations of pofition. 59 
To mark a ftation, fo as to find it again. 61 
Of the allowance for afcents and defcents, 65 
Neceffary cautions, 66 
The field: book, 68 

SE Co VIL 

To protra% the obfervations contained in the pre- | 
ceding field-book, 87 
To prevent errors in plotting. 90 


What articles fhould be inferted in plans. 93 
To make a fair plan from the rough draught. 94 
>, BC tee 

Of a new, certain, and expeditious method of fur- 


veying and plotting by the Theodolite, as now 
tiuproved, 


95 
Caufes of the lines of a draught not clofing. ibid. 
| The 
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The CON TENT S, Vir 
The improved Theodolite defcribed. 97 
To obferve with this Theodoltte. 99 
Field-book of part of an actual furvey performed 
by this infirument, 102 
How the obfervations and meafures in this field- 
book are protratted. 112 
The cafting up the contents of this furvey in fe- 
parate pieces, and in one piece. 116 
SOs Ty 
Of furveying of fboals and. fands by help of the 
new Theodolite. 119 
Sud Cu Ties) 
Of water levelling, or the condutting of water, 122 
To adjuft the level. ibid. 
To ufe the level. 124 
Neceffary obfervations. 126 
Table of allowances for the curvature of the carth 128 
Ake Weicte 
Of colours and pencils. 130 
Sb. C. 5 iT. 


A further ufe of the Theodolite (as now improved) 5 
conjointly with the ufe of a fliiding-rule aptly 
divided; to meafure timber either round or 
hewn to a fquare, or unequally fquared: Alfo 
bow to allow for afcents and defcents, by find- 


ing the horizontal lines. I 33 
Of the notation of the fuding rule. ibid. 
To measure planks. | 138 
To meafure round timber. 139 
To meafure fquare timber. 145 
To meafure parallelopipeds. 149 
To measure the height of flanding timber by the 

Theodolite. 150 


To find the horizontal lines in floping ground, 151 
So Cob e SULTD 
The ufe of the Theodoltte in drawing the per- 
fpective appearance of any building without 
measuring one fingle line. Ch 
Firit, 
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Viti The CON TENTS. 
Firft, When the pidture is parallel to one of the 
fronts. 153 
Neceffary theorems in per[petiive. 155 
Secondly, When the picture ftands againfi an 
anole of the building, oblique to two 
adjoining fronts. 157 
8. EC Tsk, 
The defcription and ufe of the Perambulator, or 
Meafuring-wheel, 159 
Jo find the diftance run by the wheel, 160 
How this inftrument may be made to do the bufi- 
nels of furveying inftruments, with its advan- 


rages. nae Gy | 
Sf Col, ee 

The defcription and ufe of the Univerfal Dial, and 

of the variation of the compa/s. 164 
Of the pedeftal of the dial. 165 
Of ihe meridian, equinottial and bridge. 166 
fa a known latitude, on a given day of the month, 

to find, Firtt, The hour of the day. 167 
Secondly, he poftrion of the meridian, 168 
Thirdiy, The pofition of the pole. ibid, 
Fourthly, The variation of the needle. ibid, 
Fifthly, The Sun’s azimuth, ibid. 
Sixthly, The Sun’s altitude. ibid, 
To jind the declination of a wall. ibid, 
Zo apply this dial to a Theodolite, 170 
To find the latitude of a place by the common Theo- 

dolite. 175 


SE C.-T. 
The defcription and ufe of the Pantographer, or 


Imitator, 173 
To ufe the Pantographer 174 
Of the different parts of the inftrument. 176 
To compute the diftances of the divifions from their 

vefpeclive centres. 180 


eight plates, 





Pracheal S. Urveyor. 
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SECT. L 


Of MEnsuRATION 2m general, with the mof} 
neceflary GEOMETRICAL PROBLEMS, 


ea\y O Meafure, in the general fenfe that 
My) Geometricians ule the word, is, to 
N ig aflume any certain Quantity, and ex- 
Wie prefs the proportion which other fi- 
milar Quantities bear thereto: But 
: in the common acceptation, to Mea- 
fure, is, to apply fome certain known quantity pitched 
upon for a ftandard, and thereby to determine the 
precife extent, quantity or capacity of any thing 
the fame kind. Thus: 
The meafure of a line is found by applying the 


lingal Inch, Foot, Yard, Pole, &¢. to that line, in 


Ata 


} 
B OLGeL 





“ 


eg 


Ay e Fee ee eee! Bae 
CPt I ra > 
 @@G ; = % ¥ 


g rl 
Ut 


Wei 


fh 4 


\ 
es 
| 





OT aN 






















(2 } 
erder to difcover its length ; the doing of which is 
called Longimetry. 


The Meafure of a fuperficies is obtained by. the 
application of the fuperficial or fquare Inch, Foot, 
Yard, Pole, Acre, €%c. thereby to determine its 
Area or Content ;.the method of doing which is called 
Planimetry, whereof Surveying of land is a part ; 
and of this the following pages chiefly treat. 


The Meafure of a Solid is had by comparing it 
with the folid or cubic Inch, Foot, Yard, Gallon, 
€c, thereby to find its capacity or folid content, 
which is called Stereometry, and comprehends the 
meaturing of Timber, Stone, &c. 


Now, though it cannot be fuppofed that any Per- 
fon, who is wholly ignorant of the firft principles of 
Geometry, fhould expect to become a compleat Sur- 
veyor by barely reading this Book, whence it might 
feem altogether unneceffary to infert the common 
Definitions and Problems ; yet, in order to refreth 
the reader’s memory, when other books are not 
at hand, it was thought not improper to lay down 
fome few of the moft popular Problems ; and fuch 
are thofe that follow. 


PROB, 






MP Ae, 3 


y) “ y U4 4 
5 0 ae 





oe 


Meee Se 


a 






++ satis =< 
NS ~ an Ws 


DP) ) Ze 


Mi 











BR Be Tr 


Upon a given right line, to-eret another right kine, 
whith hall be perpendicular to the right line given. 


HE right line given is AB (Fig.1.) upon 
which, from the point E it is required to ereé 


the Perpendicular EH. 


Opening your Compafles at pleafure to any con- 
g y 


venient diftance, place one foot in the affigned 
point E, and with the other make the marks C and 
D, equi-diftant on each fide the given point E, 
Then opening your Compafles again to any other 
convenient diftance, wider than the former, place 
one foot in C, and with the other defcribe the Arch 
GG ; alfo (the Compaffes remaining at the fame di- 
ftance) place one Foot in the point D, and with the 
other defcribe the Arch FF: Then from the point 
Hi, where thefe two Arches interfeé& or cut each o- 
ther, draw the right line HE, and it will be a Per- 
pendicular to the given right line AB ; which was 
the thing required to be done. 


PROB, IL 
To erect a Perpendicular upon the End of a right Line 
given. 


ET AB (fig.2.) be a right Line given, and 
from the End thereof, at B, let it be required 
to erect the Perpendicular BF, 

Firft,, Your compaffes being opened at any con- 
venient Diftance, place one foot in B, and with the 
other make the mark C ; the Compafs point refting 
in C, with the other foot make the mark D, in the 
given line AB; lay a Ruler from D to C, and 
draw the line DE, making CRequaltoCD. Laj/ly. 
from B, through E, draw the line BF, which will 
be the Perpendicular required. 
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PROB. UI. 
To divide a civen right Line into Two equal Parts. 


sls T CB (Fig. 3.) be a right line given, to be 
divided into two equal Parts. 


From the extremes B and C, with any diftance 
ereater than half the given line, defcribe the arches 
above and below, cutting one another in the points 
D and F: Draw DF, and it will divide AB into 
two equal parts in H, as required. 


PROB. IV. 


To let fall a Perpendicular from any Point affigned, 
upon a right line given. 


Re T the point given (Fig: 4.) be C, from which 
point it is required to draw a right line, which 
fh] be perpendicular to the given right line AB. | 


Firft, From the given point C, to the line AB, 
draw anoccult line at pleafure, as CE, which divide 
into two equal parts in the point D: Then placing 
one foot of the compaffes on the point D, with the 
diftance DC, defcribe the Semicircle CFE, cutting 
the given line AB in the point F. Lafh, From 
the point C, draw the right Line CF, andit fhall be 
the perpendicular to the given line AB, which was 
required, 








: AD SAAS ad I i 
To make an Angle equal to an Angle given. 


ET the Angle given be ACB (Fig. 5.) and let 
it be required to make another Angle equal 
thereunto. 


Firfi, Draw the line EF at pleafure ; then on 
the angular point C, as acenter, with any conve- 
nient diftance’ defcribe the arc AB, between the 
legs of the angle given; alfo upon the point F, 
with the fame diftance defcribe the arc DE: Then 
take with your compaffes the diftance AB, and fet 
the fame diftance from Eto D. Lafly, Draw the 
line FD, fo fhall the angle DFE be equal to the 
given angle ACB. 


PROB. VI. 


At a given Diftance, to draw aright Line parallel to 
a right Line given. 


E. T the line given be AB, (Fig. 6.) unto which 
it 1s required to draw another right line parallel, 
at the diftance MN. 


Firft, Open your compaffes to the diftance MN, 
then placing one foot in A, with the other defcribe 
the arc C; alfo place one foot in B, and with the 
other defcribe the arc D. -Lafily, Draw the line 
CD, fo that it may only touch the arcs C and D ; 
fo fhall the line CD be parallel to the line AB, 
and at the diftance MN, as was required. 
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PROB. VIL 
A right line being given, to draw another right line 

parallel thereunto, which foall alfo pafs through a 

point affigned, . 

TE AB (Fig. 7.) be a line given, and let it be 
required to draw another line parallel thereunto, 
which fhall pafs through the given point C. 

Firf, Take with your compaffes the diftance 
from Ato C, and placing one foot thereof in B, 
with the other defcribe the Arc DE; then take in 
your compaffes the diftance AB, and placing one 
foot in the point C, with the other, deferibe the Arc 
FH, croffing the former Arc DE in the point H. 
Lofly, Draw the line CH, and it fhall be parallel 
to AB. 

Thefe two lat Prostems may be more eafily per- 
formed by a parallel Ruler. 


PROB VII. 
To divide a given right line into any number of equal 
paris. 


ET AB (Fiz. 8.) be a right line given, and let 
it be required to divide the fame into five equal 
Darts, 

Firff, From the end A of the given line, draw 
the line AC, making any angle; then from the 
other end B of the given line, draw the line BD 
parallel to AC, (or make the angle ABD equal to 
the angle CAB) then upon the lines AC and BD, 
fet off any four equal parts (which is one lefs than 
the number of parts into which the line is to be di- 
wided) on each line, as1, 2, 3, 4; then draw lines 
from 1 to 4, from 2 to 3, from 3 to2, and from 4 
to1, which lines, croffing the given line AB, fhall 
divide it into five equal parts, as was required. 


PROB. 
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PROB. IX. 


tiny three right lines being given, provided the two 
foorteft taken together be longer than the third, to 
make thereof a Triangle. 


TET it be required to make a Triangle of the 
three lines C, B, and A, (Fig.g.) the two 

fhorteft whereof, viz, C and B taken together, are 

longer than the third line A. | 


Firft, Draw the line DE equal to the given line 
B, then take with your compaffes the line A, and 
fetting one foot in E, with the other defcribe the 
Arch HG; alfo take the given line C in your 
compafies, and placing one foot in D, with the 
other defcribe the Arch KF, cutting the former Arch 
HG in the point O Zafly, If from the point O, 
you draw the lines OE and OD, there will be 
formed the Triangle ODE, whofe fides fhall be e- 
qual to the three given lines A, B, C. 


In like manner, a Triangle uz may be made equal 
to another given Triangle LMN, See Fig. 10. 


Alfo any reCtilineal figure abcdefg, is made equal 
to any other rectilineal Figure ABCDEFG, by mak- 
ing the Triangles abg, bef, bfe, bce, ced, refpectively 
equal to the T'riangles ABG, BGF, BFE, BCE, CED, 
See Fig. 11. : 
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PROBE. X* 


To reduce any irregular Figure inio a Triangle. 

































By this Problem the content of any irregular piece of 
land may be caft up much fooner and more accurately 
than by the common method of dividing it into Tra- 
pezia and Triangles. 

a HE praétice hereof depends wholly on the 37th 

4+ Prop. of the 1 Book of Euclid, where it is de- 
monftrated, that Triangles ftanding on the. fame 
bafe, and being between the fame parallels are equal 


one to the other. 


EXAMPLE I 
| Let itbe required to reduce the Trapezium ABCD, 

Fig +2. into a’Triangle, having its Vertex at the 
Angle A. 

Prosuce the bafe BC, and draw the di agonal AC, 
thro” D draw DE parallel to AC, till.it meet BC in 
E, join AE and ABE, will be the Triangle required, 

Fig. 13. fhews howin like manner to reduce a 
Trapezium having a,re-eiitring angle. 


BX A MP: bo Bek 


Let it be required to reduce the Trapezium 
ABCD, Ig.14. to a Triangle whofe vertex fhall be 
at the point E in one of the fides AD. 

Join BE and CE, draw AF parallel to BE, and 
DG parallel to CE, tll they meet the bafe BC pro- 
duced in F and. G, draw the lines EF and EG, 
and the triangle FEG will be equal to the Trapezium 
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EXAMPLE MI. 


Let it be required toreducethe Pentagon ABCDE, 
Fig. 15. to a Triangle, having its vertex at the 
Angle A. 

Produce the bafe CD both ways, and draw the 
Diagonals AC, AD: Through B draw BF parallel 
to AC to cut CD in F, and through E draw EG pa- 
fallel to AD to cut CD in G, join AF and AG, and 
AFG will be the Triangle fought. 


EXAMPLE IV, 


Let it be required to make a Triangle equal to the 
irregular Hexagon ABCDEF, and let the fide AB 
be one fide of the triangle Fig. 16. 

Produce tie fide DF, join AE, and parallel thereto 
thro? F draw FH to mect DE in H ; join BD, and 
patallel thereto draw CG to meet DE in G; by B 
and G draw outa right Line ; join AG, and parallel 
thereto thro’ H draw HIL.to meet BG produced in I, 
draw AI, and ABI will be the triangle required. 


Fi AMER: BBE Vs 

To reduce any right-lined Figure given into a 
Triangle ; as fuppofe che feven-fided Figure 
ABCDEFG, Fig. 17. 

Firft draw BD, and its parallel CK; then if BK 
be drawn, it will cut off from the Figure the triangle 
DKS, and will take in the triangle BCS equal thereto, 
and the fide BK will fupply the ufe of the two fides 
BCand CD. Alfo, draw GE, and its parallel FL; 
then if GL be drawn, it will cut off from the figure 
the triangle LRE, and take in the triangle GRE 
equal thereto, and the Side GL will fupply the ule 
of the other two fides GF and FE, and the whole 


Plot ABCDEFG confifting of feven fides, is re- 
2 | duced 
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(10%) 
duced to the five-fided figure ABKLG, yet ftill re- 
taining the fame quantity. Now to reduce this plot 
into a triangle, work in all refpects as in the Third 
Example,  Firft, produce the Bafe both ways, then 
draw the lines AK and AL ; and parallel to them 
the lines BH and GM, cutting DE extended in H 
and M. Lattly, draw the lines AH, AM, and 
they will conftitute the triangle AHM equal to the 
right-lined figure given, 


In like manner may any other irregular figure of 
ever fo many fides be reduced toa triangle, and that 
very readily by ufing a parallel Ruler, whereby we 
avoid drawing the unneceffary lines, only marking 
their interfeCtions on the bafe. Thus in Fig.18. lay the 
edge of a parallel Ruler to the points B and D, then 
open the Roler tili the fame edge cuts the point C, 
and mark where it interfeéts the bafe DE at k > lay 
the Ruler again to the points k and A, transfer it to 
B, and mark its interfection om the bafe ath; then 
draw Ah, which will be one fide of the Triangle 
fought. Again, laying the Ruler to E and G, tranf- 
fer it to F, and mark the interfection on the bafe at 
1, lay the Ruler to] and A, and mark where its pa- 
rallel edge by G interfeéts the bafe prolonged at m, 
Laftly, draw Am, and the Triangle. A hm will be 
equal to the feven-fided figure as was required. 
































Of Instruments a/ed in Surveying Land. 


¥ NSTRUMENTS ufed in Surveying are, et- 
| ther to meafure, or lay down the lengths of 
lines, or their pofitions, 

The moft proper inftruments for meafuring 
lengths, in Towns, Streets, or any other Buildings, 
are 5 Foot and 10 Foot Rods, and a Chain of 50 
Foot long ; for Fields and Woods, a Chain, which 
from its contriver is ufually called Gunter’s Chain, 
and is in length 66 Foot or 4 Poles, confifting of 


Ria 


100 Links, each containing 7 Inches and +%% ; 


and a Rod, called an Offset-Staff, whofe length is 


equal to ;*, part of the Chain, that is, 10 Links, or 
6 Foot 7 Inches and 48,, tho’ fometimes this Rod is 
15 Links in length, or 9 Foot 10 Inches and +". 

The Wheel is ufed with moft advantage in mea- 
furing of Roads, 

The Inftruments ufed for taking the Pofitions of 
linés are of two kinds, 

With fome we take the Pofition of a line, by 
the Angle which that line makes with the Meridian, 
ufing a Box and Needle ; as with the Theodolite, the 
Semi-Circle, the Circumferentor, the Plain-Table, the 
Perambulator, the Peraéfor, &c. and this is ufually 
called the Bearing of the Line. 

With others we take the pofition by the angle 
that the line makes with any other given line in po- 
fition; as with the limb of the Teodolite, the limb. 
of 
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(p12: } 
of the Semicircle, the frame of the Plain-Tadle, the 
Bevel, the Chain, or Rods. 


All other inftruments either differ from thefe only 
in their names, or elfe are contained in them. 


But with fome of thefe inftruments, very conve- 
niently we take the pofition in both cafes, at one 
obfervation ; as with the Theodolite, the Semi-cirele, 
or tie Plain Table, 


With fome of thefe inftruments we take the an- 
gle itfelf, as with the Bevel, or with the Plain Table 
cover’d with a fheet of paper; and with others, we 
expres the relative quantity of that angle by num- 
bers. So when we ufe the chain, we exprefs the 
angle by Sextants, Links, and tenth parts of a 
Link ; when we ufe Rods, we exprefs it by Sextants, 
and centefimal parts of a rod; and when we ufe 


other inftruments, we exprefs the angles by de- 
erees and minutes, 


We may alfo obferve, that of Tbeodolites and Semi- 
circles there are various kinds ; in fome the Box and 
Needle is fix’d to the Plate, in others to the Index, 
And the working with each of thefe varies according 
to the manner of their Numbering, 


As for Roads, the Wheel with its Indices, fhew- 
ing the diftance, and its box and needle with fights 
fhewing its bearing or pofition in refpeét of the Me- 
ridian, is an inftrument fpeedy and fufficiently exact : 
provided we reject the breadth of the road, and 
only regard the bearing and length. 


Lefty, 
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Laftly, Inftruments for plotting, are a fcale deci- 
mally divided the whole length, clofe to both the 
edges ; and at every tenth divifion numbered 
O, I, 25 3, 4, &Sc. denoting Chains ; the Number- 
ing fo ordered that we may counc either from the 
Right to the Left, or from the Left to the Right; 
and a Protraéfor always to be divided, numbered, 
and fitted according to your inftrument, 


Thus, all Circumferentors (either abfolutely fuch, or 
only ufed as fuch, viz, when contained in the Theo- 
dolite, Semicircle, or Plain Table) \et the numbers in 
the Protraéfor increafe contrary to thofe in the box ; 
but when the box and needle takes the bearing, as 
the Peraétor or Perambulator doth, the numbers of 
the Protraéior muft increafe as thofe in the box. 


And for the limbs of all Theodolites, Semicircles, and 
Plain Tables, 1f the circuit be made meanshenents to 
contrary 
the numbers on the limb, the numbers of the Pro. 
contrary 
fame 
way with the numbers on the limb of the inftru- 
ment, and this fuppofing the eye in the center. 


tvaétor moft conveniently inereafe the} 
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To obferve the Pofition of a Line by any of the preceding 
[nftruments. 


I, By the Circumferentor. 


SHE Box of the Circumferentor is divided into 
360 degrees, and numbered in 4 quarters, 
from the North and South both to the Eaft and 
Welt, by the figures 10, 20, 30, 40, 50, 60, 70; 
80, 90; but thefe divifions are alfo numbered from 
the North towards the Eaft or Weft, all round, titl 
they end at the North again ; by the figures 10, 20, 
30, 40, 50, 60, 70, 80, 90, 100, and fo onto 360. 
Of thefe two ways of numbering, the latter is pro- 
perly the Circumferentor, and the former the tra- 
verfing Quadrants or Quarters. 

Now, if it be required to obferve the bearing of 
the line AB (Fig. 19.) the Inftrument ftanding at 
AA; the Flower-de-luce in the Box being towards 
you, direct the Sights to B ; and the South end of 
the Needle will point at 207 Degrees in the Circum- 
ferentor, and at S. W. 27, in the traverfine Qua- 
drants. 

And if you were going round the Field, and fo 
next to obferve the bearing of the Line BC; at B 
turn the Index about, the Flower-de-luce being to- 
wards you, till thro” the Sights you fee the hair cut 
C: Then will the South end of the Needle point at 

Illy 


































(35) 
riz, in the Circumferentor, (which is the bearing al- 
ways counted from the North, and in thefe Examples’ 
from the North to the Eaftward) and at S, E, 69 in 
the traverfing Quadrants, which is the bearing al- 
ways counted from the North or South towards the 
Faft or Welt. Here we may note, that the bear- 
ing taken with the Circumferentor may be any num. 
ber of degrees. not exceeding 360, but that. with 
the traverfing Quadrants never exceeds ninety de- 
grees, . 

When you fufpect the Needle does not play well ; 
direct the Index to your mark, and note, in a wafte 
piece ef paper, the degrees pointed at by the 
Needle ; then with a clean Knife, or a Key, or any 
other polifhed bit of Steel, which has touched a 
Loadftone, move the Needle, by applying it to the 
Box, and when it hath fettled again, examine what 
degree it then points at, your Index being ftill di- 
rected to the preceding mark; and if the degrees 
are the fame, they may be entered into the Field- 
Book ; but ifnot, the Cap and Pin mutt be cleanfed 
with fome brown paper and a little Puttey or Whit- 
ing, and thereby freed of fuch duft or dampnefs as 
hath gotten to its if, after all, the Needle doth not 
play freely, {crew in a new Pin, or ufe another 
Needle, or do both. Thefe Neceffaries every Sur- 
veyor ought to have in his pocket while he is in the 
Field. 

If you fufpeé&t an error in the bearing of any 
line already taken, arifing from the Needle’s being 
acted on by fome hidden Magnetic power, or from 
your own miftake in obferving the degrees pointed 
at; the doubt may be cleared, and the error cor- 
rected at the next ftation ; thus, 

Having come to B (Fig. 19.) the Flower-de-luce 
being from you, look back to A, and then will the 
South end of the Needle point at 207, degrees in 
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( 16 ) 
the Circumferentor and at S. W. 27 degrees in thé 
traverfing quadrants ; juft as it did at A. 

Laftly, if you have no reafon to fufpecét the 
Needle, and it is moft convenient to plot by it, the 
{peedieft way is to place the inftrument only at every 
other Angle, and there to take the bearing of the 
two lines which form that angle. 

So, if you would obferve the bearings of the 
lines of Fg. 19, firft place the inftrument at B, and 
with the Flower-de-iuce from you, direét the fights 
back to A, fo the South end of the Needle will 
point at 207 degrees in the Circumferentor, and at 
S. W. 27 degrees in the traverfing quadrants, 
which is the bearing of AB; then with the Flower- 
de-luce next you, direct the. fights to C, fo the 
South end of the Needle will point. at 111 degrees 
in the Circumferentor, and at S. KE. 69 degrees in 
the traverfing quadrants, which is the bearing of 
BC, 

Now place the Inftrument at D, the Flower-de- 
luce being from you, dire¢t the fights back to C, fo 
the South end of the Needle will point at 44 deg, 
30 Min. in the Circumferentor, and atN. E. 44 deg. 
320 Min, in the traverfing quadrants, which is the 
bearing of CD; and directing the fights to E, the 
Flower-de-luce being towards you, the South end 
of the Needle will point at 102 Degrees 15 Minutes 
in the Circumferentor, and at S. E. 47 Degrees 45 
Minutes in the traverfing Quadrants, 

In like manner work at F, &c. always keeping 
the Flower-de-luce from you when you look back- 
wards, and towards you when you look forwards ; 
fo will the South end of the Needle point at the 
Degrees of the Bearing in both Cafes, 
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To protract any line whofe bearing is taken by the 
Circumferentor, 


FIR ST’, draw lines parallel to one another quite 

thro’ the defigned draught, at diftances not ex- 
ceeding the breadth of the diametrical part of your 
Protraéior, asin Fig. 19, and mark them with N. 
and S. for north and fouth; then lay the center 
of the Protraéior on A, the point given reprefent- 
ing the ftation A in the field, and, by help of 
the divifions continued beyond the ends of the di- 
ameter of the Protraéfor, lay the diameter paralicl 
to thofe north and fouth lines; and if the Pyro- 
trattor be only a Semicircle, lay the beginning of the 
numbering northwards, when the degrees are 
fewer than 180, but fouthwards when more: The 
Protragéior being thus placed, make a mark clofe to 
the limb againft 207, the degrees of the bearing, 
and thro’ it draw the line AB; and fo will AB have 
a bearing like to that, which you obferved the line 
AB to have in the field. In like manner you may 
_lay down the bearing of any other line, as BC; if 
you obferve to lay the beginning of the numbering 
northwards, when the degrees are lefs than 180, 
and fouthwards when more: Butif the ProtraGor be 
a whole circle, there will be no occafion for turning 
the beginning of the numbers, which may always be 
northwards. 

And if you would lay down the bearing of any 
line AB, Fig. 19. from any affigned point A, with 
the traverfing quadrants ; after you have drawn 
north and fouth lines as before, the north being 
upwards, write eaft onthe right hand fide of the 
map, and weft on the left, Now lay the center 
of the Protraéor and diameter as before fhewn ; 
fave that inftead of obferving the number of the 
degrees, you turn the limb of the Protraffor ealt- 

C ward, 
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ward, when the bearing is N.E. or S. E. and weft- 
ward, when it is N. W. or S. W. 

The Protractor being thus placed, againit S. W. 
2%. make a mark, and thro’ it draw the line AB, 
ané {fo will AB have a bearing like to that which 
AB was obferved to havein the field. In like man- 


ner you may lay down the bearing of any other 
line. | 


Il. To cbferve with a Theodolite, both by the Limb, 
and by the Box and Needle. 


EFORE you engage in a furvey, you ought to 

confider the numbering of your inftrument ; 
thus, when the eye is conceived to be placed in the 
center, confider whether the numbers increafe from 
the left to the right ; or from the right to the 
left ; or, according to the farmer’s familiar phrafe, 
whether the numbers increafe with or again{t the 
fun’s motion, 

And then obferve, that with a Theodolite, whofe 
box is fixed to the plate, the circuit is moft con- 
veniently made with the increafing of the numbers ; | 
and the fixed fights fhall always be dire&ted to the 
next ftation, and the index to the laft. But 
when the box is fixed to the index, ’tis beft to go 
round contrary to the order of the numbers; and 
then the fixed fights are to be direéted“to the latt 
ftation, and the index to the next. 

And if the beginning of the degrees are kept to- 
wards you when the fixed fights are directed, and 
the Flower-de-luce towards you when the index is 
directed ; the degres cut by the end of the index 
which is next you, are thofe which meafure the an- 
gle ; and the degrees pointed at in the box by the 
fouth end of the needle, give the bearing of the 
next length. And this bearing will be, in all: re- 
{pects, the fame with that taken by the Circumferen- 
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(19) 
tor ; provided that the box be divided and numbered 
like that of the Circumferentor. 

This double obfervation' is of great ufe to the 
furveyor ; for hereby he may either plot by the an- 
gle, or the bearing, or by both, as he fhall find 
moft convenient ; and alfo, may prove his obfervae 
tion before he moves the inftrument. For, of the 
numbers exprefling the bearing of the lines form- 
ing any angle, if the leffer be fubtracted from the 
ereater, and the remainder be increafed by 180 de- 
grees when lefs than 180, or, if greater than 180, 
is diminifhed by 180; the refult in either cafe will 
give the angle itfelf, or its fupplement to 360 de- 
erees, 

When a Theodolite is ufed with a box fixed to the 
plate, and the numbersin the box increafe the fame 
way with the numbers on the plate; or, which 
comes to the fame, with the box fixed to the index, 
and the numbers therein increafe the contrary way 
with the numbers on the plate (moft Tbeodolites be- 
ing made one of thefe ways, or fhould be fo to be 
*moft convenient) ; then a Protractor being numbered 
contrary to the numbers in the box, will be fitted 
to lay down the plan, either according to the angles 
taken by the limb, or by the bearing taken with 
the needle, or by both together, in order to prove 
the truth of each other: And then alfo may the 
truth of the angle or bearing be proved, before 
the inftrument is moved from the ftation by either 
of the two following rules. 

If to the prefent bearing be added 180 degrees, 
and from the fum you fubtraG the laft bearing; 
then the remainder will be the prefent angle. 

And if to the prefent angle you add the laft bear’ x 
ing, and from the fum fubtract 180; then will the x 
remainder will be the prefent bearing. | 
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But if the degrees to be fubtraéted are more than 
thofe from which they are to be fubtragted ; the lat- 
ter muft be increafed by 360, and then fubtract. 

And if the remainder be more than 360, then 
abate 360, and the refule gives the degrees re- 
quired. 

So, with a Theodolite that hath the box fixed to 
the index, and the eye being conceived in the cen- 
ter, the numbers on the plate increafe from the left 
to the right, but thofe in the box the contrary way, 
and fo moft proper to work again{t the fun: If you 
would take the bearings of the lines of Fig. 19. be- 
ginning from any affigned angle, fuppofe A; then 
your inftrument being planted at A, direét the index 
to the next ftation at B, and the fouth end of the 
needle will point at 207 degrees in the Circum- 
ferentor, And for the following angles and bearings, 
when the 


B 
inf{trument ar direct the fix’d 
planted at rE fights to 
G 


and there {crew the inftrument fat ; 
then direct the index to 


A 
B 
C 
D 
E 
F 
C 
D 
E 
as 
G 
A 


and the end of the index next your 
eye will cut on the limb the 
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44. 30 

and the fouth end of the needle will, } 109. 15 
as inthe Circumferentor, point at 331: 50 
w 254-2 30 


908.30 
And with a Theodolite, that hath the box fixed to 


the index, and the numbers of the plate contrary to 
thofe of the box, while the eye is conceived placed 
in the center, increafe from the right to the left, 
and fo moft proper to work according to the fun’s 
motion ; if you would takethe angles and the bear- 
ings of the lines of Fig.r9. and begin from any 
affigned angle, fuppofe A; then your inftrument 
being planted at A, direct the index to the next fta- 
tion G, and the fouth end of the needle will point 
at 231° 30 in the Circumferentor. And for all the 
following angles and bearings, when the 


~ 


inftrument is} E { direé& the Gx’d 
planted at e fights to 
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D 

C 

rE 

E 

and there {crew the inftrument faft ; } D 
then direct the index ta Cc 
B 

A 
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| 224. 00 
and the End of the index next the| 152. 40 
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ol 
285. 30 
and the fouth end of the needle, as in} 208. 10 
the Circumferentor, will point tothe? 77: #5 


‘ C ‘ 135 Ses 
bearing ~ at 00 | 
00 


333- 

But with a Theodolite that hath the bate ‘fed to 
the plate, and the numbers-on the plate as well as 
thofe in the box (the eye being placed in the center) 
increafe from the right to the left; and therefore 
moft proper to work contrary to the fun’s motion ; 
if you would take the angles and the bearings of 
the lines of Fig. 19. and begin at an afligned angle 
A; then your inftrument being planted at A, di- 
reét the fixed fights to B, and the fouth end of the 
needle will point at 207° 00’, as in the Circumferen- 
tor, and as in the firft example. And for all the 
following angles and bearings, when the inftru- 


B C 
C fdire& the |D 
ment is planted at < fixed fights : 
F hi G 
G A 
PG. 
B 
then fcrew the inftrument faft, and direét the B ¢ 
Index to - - “ - - EG 
E 
E 
8 4. 00 
1831 (bR0 
fo will the end of the index next the } 237. 45 
eye cut on the limb the angle 49+ 35 
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and the fouth end of the needle, ash Ate 
102. 

331° 
254. 
C 308. 


in the Circumferentor, will point at. 
the bearings ” - - - 


both as in the firft example. 


Alfo with a Theodolite, that hath the box fixed to 
the plate, and the numbers on the plate, as well as 
thofe in the box, the eye placed in the center, 
increafe from the left to the right, and therefore 
moft proper to work according to the fun’s motion; 
if you would take the angles and the bearings ‘of 
the lines Fig, 19. and begin at an affigned angle 
at A, direct the fixed fights to G, and the fouth 
end of the needle will point at 231° 30 as in the fe- 
cond example. And for all the following angles 


and bearings, when 


the inftrument AS  dire&t the sxed) b¢ 


planted at 22 fights to 
(cs 
then fcrew the inftrument faft, and direct 
the index to > = = 

234. 
‘ 3 I02. 
and fo will the end of the index next ) ao. 
the eye cut on the limb, the angle 5237. 
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and the fouth end of the needle, as in 208 10 
the Circumferentor, will point at the 77- 45 


bearings 43 3 ‘ ? 065. 204 
-333- 00 


both as in the fecond example. 

With either of thefe four inftruments, the angles 
and the bearings of the Lines are taken, at once fet- 
ting the index, as eafily and expeditioully as the 
angle itfelf only ; which evidently appears from the 
four preceding examples. And the truth of thefe 

obfervations may be readily proved by either of the 
tales already laid down: 

For, the inftrument being planted at B, in the 
firft ane third examples, if to 111° 00! the bearing 
there taken, you add 180° oo! and from the fum 
291° oo’, take the Jaft bearing 207° oo’, there will 
remain 84° oo’, which gives the anele taken at B, 
exactly as there ob ferved ; and proves the angle and 
thefe two bearings to have! been truly obferved. 

In like manner, the inftrument being planted at 
C, in the fame examples 5 if to the bearing there 
taken, 44° 30 you add 180° oo’, and from the fum 

{; 
it 


22 a4 30’, you fubtraét 111° 00’, the bearing taken 
at the ‘ik it ftation ; the remainder 113° 30! gives the 
angle at C exa fly as it was there obferved : ; which 
proves & that t the - angle, and alfo the laft and prefent 
bea rings are truly obferved, 

Alf; the inftrument being planted at D ; if tothe 


bearing there taken 102° 15> youadd 180° oo’, and 
from the fum 282° 15°, take 44° 30’ the laft bear- 
ing; the remainde r 237° 45! gives the angle at D, 
as there obferved, 
But the inftrument bei ng planted at E, if to the 
ar h 50 you add 180° oo’, 
50: you fubtrac&t 102° 15, 
the 
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( 25) 
the laft bearing ; the remainder 409° 35! leffen’d by 
360°, becaufe greater than 360, gives 49° 35’, the 
angle at EZ. And fo of all the reft. 

And in like manner may the angles and bearings 
be compared in the fecond and fourth examples. 

Or the angles and bearings may be compared by 
the fecond rule thus: The Inftrument being planted 
at B, if to 84° oo’, the prefentangle, you'add 207° 
oo’, the laft bearing, and from the fum 291° 00' you 
take 180° 00’, the remainder 111° oo, gives the 
prefent bearing, as obferved, 

The angles and bearings being truly taken, it 
remains to fhew how 


To plott, and therein to difcover and correé# an error 
before it is communicated to the following part of tbe 
WOrR. 


HyAving provided yourfelf with a Protractor, whofe 

numbers increafe contrary to thofé in the box, 
draw acro{s your defigned draught parallel lines, as 
in plotting obfervations taken with the Circumfe- 
rentor. 

Then having chofe a convenient point to repre- 
fent the firft flation, as at A, from thence, working 
by the farft or third examples, lay down the bear- 
ing 207° oo’, and draw AB, as {hewn in plotting 
from the Circumferentor. On the point B lay the 
center of the Protractor, and its diarneter on the 
line AB produced both ways, if neceffary, fo that 
the beginning of the degrees may be ‘towards the 
laft ftation, if the angle be lefs than 180°, but the 
contrary way, if greater ; and clofe to the edge of 
the Protractor make a mark againft 84° oot, the 
degrees of the angle B, and draw BC, ‘Turn the 
Protracior about on its center, till the’ diameter be 
parallel to the meridians, the beginning of the de- 
grees being towards the north, when the bearing is 
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( 26 ) 
lefs than 180° ; but contrarywife when more; and 
if the line BC cut the bearing 111° 00! on the edge 
of the Protractor, that line is truly laid down; but 
not fo, if it cut any where elfe, 

But working according to the fecond and fourth 
examples, Jay down the bearing 231° 30’, and draw 
AG: On the point G lay the center of the Protrac- 
tor, as before fhewn, its diameter coinciding with 
the line AG, and mark off the angle G, 234° O's 
draw GF: Turn the Protractor, as before, and if 
FG cut 285° 30’ on the Protraéfor’s edge, the line 
is truly laid down. 

Inlike manner, may any other angle be examined, 
and if found erroneous, the error may be corrected, 
before it is communicated to the following part of 
the work. 

And we may obferve, that, if the plot be laid 
down by the bearings of the lines, thofe bearings 
may be examined by meafuring the angles as foon 
as plotted. 

Though this method fufficiently recommends 
itfelf, both in refpeét of difpatch as well as accuracy 5 
Ido not expect it will be praétifed by any but the 
unprejudiced. For he who hath furveyed much 
land with a Circumferentor alone, or with a Semicirele 
or Theodolite, without a needle, or with any other 
inftrument, that doth not afford a double obferva- 
tion ; he I fay, hath not provided a check to his 
frailty, and will fcarce forfake his old way, becaufe 
he will not accufe himfelf. 


There are two other ways to ufe thefe T heodolites, 
each equally exact with: the former, but not fo ex- 
peditious. One way is to take the bearing with the 
traverfing quadrants ; the other is to take the bear- 
ing with the degrees on the limb, But the angle is 
always taken as above. 

If you would ufe the traverfing quadrants, then 


the obferving, the plotting, and the proof in plote 


ting, 








































(27) 
ting, are all as eafily, fpeedity, and exactly done as 

by the firft method ; but the proof of the oblerva- 

ton in the field, though equally ‘true with the 

former, is neither fo eafily performed, nor fo eafily 

reduced to one fingle rule. But the perfon who 1S 

refolved to plot by the traverfing quadrants, had 

be(t take the obfervation both by the Quadrants and 

by the Circumferentor ; and then prove the obferva- 

tion in the field by the Circumferentor, and the 
plotting by the traverfing quadrants. 

Laftly, If you would take the dire€tion or bearing 
by the divifions on the limb with a Theodolite, whole 
Box is fixed to the plate; then (having taken the 
angle as before fhewn) turn the inftrument about till 
the north end of the needle point at 360 degrees in 
the box, and fcrew it faft , direct the index to the 
next ftation, and the end next you will give on the 
limb the dire€tion in degrees and minutes, as in the 
former examples. 

But with a Tbheodolite, whofe box is fixed to the 
index, if you would take the direction by the di- 
vifions on the limb ; then (after the angle is taken, 
as before fhewn) direct the fixed fights to the next 
ftation, {crew the inftrument faft, and turn the in- 
dex about till the north end of the needle point at 
360 degrees in the box; and then will the end of 
the index neareft to the fouth end of the needle cut 
on the limb the dire¢tion in degrees and minutes. 
But the Protractor to lay this bearing down, mutt 
be numbred contrary to the limb on the inftru- 
ment. 

The great advantage ufually propofed by this laft 
method, is, that the degrees on the limb are larger 
and more diftin@ly cut, and confequently more 

nearly eflimated than thofe in the box. But con- 
fider that you can no better bring the needle to point 
at any one degree, than you can eflimate its pofition 
in any other degree; and that fince we ufe the needle, 
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((285) 
all the objections made in one method are incident to 
the other ; and then you may eafily conclude, that 
the advaniage is only imaginary. 

Befides, here we are obliged to take two obferva- 
tions, either of which take up as much time as the 
obfervation ufed in the former method ; which ren- 
ders it not fo fit for a practitioner, 

Of the ule of thefe Thecdolites, I have one thing 
more to advertife, vz. To meafure and caft up the 
content of one large fingle Wood or Common, 
where there are fome fcores of angles to be taken; 
the fafelt way is to caft, without plotting, by hel 
of the needle. And in this cafe I would take the 
direCtions both - with the Circumferentor and the tra- 
verfing Quadrants ; andin the field prove the direc- 
tions taken with the Circumferentor by the angles 
taken by the limb ; and then, ftill in the held, prove 
both lengths and direétions, in calculating a traverfe, 
by help of a Traverfe Table; and laftly, from this 
traverfe (at leifure) deduce the true content. 

But the Traverfe Tables that are now extant, are 
but fpecimens of thofe which are fit for ufe; inftru- 
ments are not fufficiently exa&t, and trigonometrical 
operations too laborious, and therefore this way of 
computation muft be deferred, till fome perfon who 
hath leifure and patience to ferve the world, in calculat- 
ing fuch a table, is refolved to do it *, 

Of any one of the four Theodolites, which have 
the numbers in the box contrary to thofe Theodolites 
before defcribed, one or more inconvenience will al- 
ways arife, ufe which of the three forementioned 
methods you pleate. 

It is true, the angle taken by the limb is ver- 
formed as fhewn in the preceding rules ; but fince 

* Here the author promifes if he can procure fuch a 
table, as he hoped to do, to publith it with its ufes in Prac- 
tical Surveying and Navigation : But he being long fince 
dead, that defign has dropped, 
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it is not fafe to work by the limb only, if you ufe the 
Circumferentor, as {hewn in the firft rule, you mutt 
either fubtract the direction from 360 degrees, and 
enter the remainder inftead of the direction pointed: 
at by the needle ; or elfe ufe two Protractors, which 
will be troublefome, and alfo apt to caufe miftakes 
by ufing the one for the other. 


If you ule the ¢raverfing Quadrants only, then in- 
deed the ufe is in all refpeéts the fame with the pre- 
ceding ones; but thefe, as I have already fhewn, 


are not fo expeditious as, nor more exact than, the 
method firft laid down. 


Tf you will take the direction by the limb, and ftill 
make one Protractor plot both obfervations, you 
mutt direct your inftrument twice, whereas by the 
firft method laid down, it might be done at once, 


Lajfily, Of Theodolites thofe are beft which have 
telefcopes with plain fights on them, and fo con- 
trived that the furveyor may at any time adjuft any 
fmall accident, without coming to a workman; and 
that both of them may be elevated or deprefied at 
leaft ten degrees ; one of thefe telefcopes inftead of 
the fixed fights, the other inftead of the moveable 
ones, and as lone a needle as will play well, with 
other the like conveniences, fufficiently known to a 
fkilful inftrument-maaker. 


















eae, 


= 


a 
— 
me 











COLE 
= ea 





4 
ae 
NS za 7g = % mY = ae i “ 
a OF dad Ried eth i Ss 4 Poi 


( 30 ) 




















II. To obferve with a Semicircle that bath a Box 
and Needle. 


A Semicircle is juft half the Thecdolite, and admits 
of juft as many varieties ; it is numbred on the 
limb to 180 degrees, and in an arch concentric to 
this is denominated by the numbers 190, 200, 210, 
Sc, to 360 ftanding under the former numbers 10, 
20, 30, 8c. Its ufe, in all refpects (both to the 
plate and box) is the fame with the Theodolite ; fave 
in this, that when the end of the index next the eye, 
falls off the plate, the degrees cut on the limb are to 
be taken from the further part of the index reckoned 
among the divifions of the inner circle, and will be 
always more than 180 degrees, 


There are other ways of numbering and dividing 
(and perhaps without a box and needle) ufed in thefe 
inftruments; but they are not worth notice, 


IV. Of the Peracior. 


HE Peractor is the fame with part of that 7eo- 

dolite, whofe box is fixed tothe plate; and the 
directions given for the Theodolite in page 27, will 
ferve for this. 




































V.. Of the Plain Table. 


aj Pada divifions on the limb of the Plain Table, 

with its box and needle, being like thofe of the 
Theodoltte, or modern Circumferentor ; if the 360 de- 
grees on the limb be upwards, and the box and 
needle fcrewed to the fide of the table; it performs, 
in all refpects, the ufe of the Theodolite, whofe box 
is fixed to the plate. For lay the edge of the index 
on the divifion numbered 360, and to that numbered 
180; and turn the whole inftrument abour, till 
through the fights you fee the next ftation (the 360 
being towards you, as fhewn with the Theodolite) 
and there fcrew it fafl; then turn the index about 
upon the center, till you fee the laft ftation, and fo 
will the end of theindex next you cut the degrees of 
the angle, and the fouth end of the needle will give 
the direction or bearing. : 

But if the box be fcrewed to the index, it in like 
manner becomes a Theodolite, with a box fixed to 
the index. 

If the box and needle be fcrewed to the ftaff, it is 
a Circumferentor, 

If the box be fcrewed to the table, and that fide 
of the frame be upwards, which is divided into four 
nineties, it is the Perambulator. 

If that fide of the frame is upwards, which hath 
only the 180 degrees of the femicircle numbered on 
it, then it isa femicircle, either with the box to the 
plate or not, according as the box is fixed ‘to the 
table or to the index. 

And what hath been already faid of thefe inftru- 
ments may ferve for directions, to ufe the plain table 
thefe feveral ways, and need not be again repeated 
here, 


And 





( 32) 

And hence it feems that the plain table might 
properly be called Paxorganon, or the univerfal in- 
ftrument, in refpect of land furveying. 

There are two {mall holes’ towards the middle of 
the board, which ferve as centres to the divifions on 
the limb; the one for thofe when the table is ufed as 
a femicircle, the other for the degrees numbered as 
in a Theodolite: In thefe holes the protracting pin is 
to be fet while the floped edge of the index flides 
again{t it, and cuts the divifions on the frame. 
Now if thefe holes were conical, and were the con- 
tinuations of a conical hole in the index, fo that the 
index could be fixed to them by a conical pin paffing 
thro’ its hole, and the central one, into which the 
pin fcrewed, the fiducial or floped edge of the index 
being made to correfpond with the center of the pin ; 
alio if the divifions on the frame be cut as accurately 
as on the limb of a Zheodolite ; and the wood would 
neither fhrink nor {well any more than brafs; and a 
tele(cope mounted on the fights; and the back fide 
of the index brought alfo to a fiducial edge ; then 
the plain table would be a very complear inftru- 
ment. 

It remains to fhew, how to take angles when we 
ufe the plain table covered with a ftheet of paper ; 
but this hath been fufficiently handled by Mr. Ley- 
bourn, and almoft all the common writers on Sure 
veying ; therefore I fhall content myfelf with laying 
down a method to correé&t an error committed be- 
fore it is communicated to the following parts of the 
work. Though I do not any ways doubt but the 
reader may, by what follows, learn the ufe of this 
plain inftrument. 

Suppofe you were to draw the plan of the field 
ALMNQR : (Fig. 20.) Draw on the table a line 
to reprefent AL, in the field, and by the feale lay 
down on the plan the length AL was found to be 
in the ficld, when you meafured it with a chain. 
Then 
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( 33) 
Then planting the table at L, lay the index on AL, 
and turn the whole inftrument about till you fee a 
mark fet at A, then {crew it faft, and turn the in- 
dex about on Las a centre, till through the fights 
you fee M, draw LM, and by the fcale, give it on 
the table ‘the fame length you found it to have in 
the field, by meafuring with the chain, 

Now in order to examine the length of LM, and 
alfo iis pofition in refpect of AL; plant the inftru- 
ment at M, lay the index on LM, and by turning 
the inftrument, direct the fights to L, and there 
fcrew it faft ; then direct the index turned about on 
M, towards A in the field, and if the edge does not 
cut the point Ain the table, the line LM is falfe, 
either in pofition or length, and therefore muft be 
examined and corrected before you proceed. 

The line LM being truly laid down, plant the 
inftrument at M, lay the index on LM, and direct 
the fights to L, by turning round the table, and. 
{crew the inftrument faft : Now turn the index a- 
bouton M, till through the fights you fee the hair 
cut N, by the edge of the index draw a ftrait line, 
and by your fcale, from M_ lay the length NM e- 
qual to what you meafured it in the field, 

But to prove. whether the line NM is truly laid 
down both in pofition and length ; having planted 
the inftrument at N, and directed the index laid on 
NM to M, and there {crewed the inftrument faft ; 
from N direct the index to cither of the marks L or 
A in the. field; and if the -index then does not a¢- 
cordingly cut L, of Aon the table, the line MN is 
falfe, and imuft be corrected before you proceed. 

And in. }ike manner through the whole. furvey, : 
you may proceed to lay down every line, and ex- x 
amine it before you leave it, ‘provided that you & 
leave all your marks ftanding at the ftations,) by 


Jaying the index on the laft line, and turning 
the inftrument about till thro’ the fights you fee the & 
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( 34) 
hair cut the laft mark ; and then fcrewing the inftru- 
ment faft ; if you turn the index about on the point 
reprefenting the {tation where the inftrument ftands, 
till you fee any one of the marks pafled by, except 
the laft of all; and if the edge of the index does not 
cut on the table, the reprefentative of that point, the 
laft line is not truly laid down. 

But when from any ftation, fuppofe N, you can- 
not fee any other mark but M, fet up fome mark a, 
from whence you may fee fome of the preceding 
marks, fuppofe L, as well as M and N ; and from 
this point 2 examine the truth of the pofition of the 
line MN. 

Or thus; you may fet up a mark a, any where in 
the field, from whence all, or feveral of the angles 
may be feen; then the inftrument being: at A, and 
the index on AL, fcrew the inftrument faft; and 
turn the index on A, till you fee a, and draw Aa. 

The inftrument being at L, the index on LA, 
and the index direéted to A; let the inftrument be 
fcrewed faft ; turn the index about on L, till thro’ 
the fights you fee a, draw by the edge of the index 
Lz; and fo will the point a be determined. 

Then the inftrument being at M, the index on 
LM, the fights directed to L, and the inftru- 
ment {crewed faft ; turn the index about on M, till 
thro’ the fights you fee the mark a in the field: 
Then if the edge of the index does not cut ain the 
table, the line LM is falfe either im pofition or 
length. 

In like manner the table being at N, the index on 
NM, the fights directed to M, and the. inftru- 
ment {crewed faft ; turn the index about on N, and 
diret the fights to the mark a ; and if the edge of 
the index doth not cut a, on the table, then MN is 
falfe either in pofition or length, 

Laftly, inftead of a mark fet up as a, you may 
ufe any remarkable tree, fteeple, &e. not at too 
great 
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great a diftance from you, whether it be in the land 
you are then furveying, or not. 

And when the mark you have laft ufed is at too 
great a-diftance from you, or lies almoft in the fame 
{trait line with that which you are about to Jay down; 
then ufe fome other mark in its ftead. 


VI. Of working with the CHAIN, 
FE! RST, provide a ftaff juft 6 foot 7 inches and 


two tenths long, which divide into 10 equal 
parts ; and fo will the whole be the length of 10 
links, and each part the length of one, and 1otimes 
the length of this ftaff, the length of the whole 
chain. 

With this ftaff examine the Ieneth of the chain, 
and alfo of every to links; ftretching it on level 
ground, to fuch a degree as you defign to ftretch it, 
in the field work. 

Before you meafure with it, provide 10 arrows or 
fmall fticks, each about two foot long, and of fuch 
thicknefs, that a man may conveniently grafp 1o of 
them in one hand; alfo two ftrait ftaves about 5 foot 
long each: The arrows may be made of Ground 
Ajo, a tough wood and not aptto break ; let them 
be fhod with fharp-pointed iron ferrils at one end, 
and have pieces of red rag tied at the other end, 
whereby they will be very readily diftinguifhed and 
difcovered when fet down in long grafs or corn. 

When you ate about to meafure with the chain, 
Jet him that Jeads it take the 10 arrows and one of 
the ftaves ; and he that follows it the other ftaf. 

Then the follower ftanding at the ftation, let him 
by motions with his hand to the right or to the left, 
as they have before fettled it, direct the leader to 
place his 5 foot ftaff at the chain’s end in the fame 
right line with the itations;, and then let the leader 
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| ( 36 ) 
take up the ftaff, and in its place flicking down one 
of the arrows, go on, 

Now the follower being come to the arrow, takes 
it up, fets his ftaffin the hole, and direéts the leader 
to place his ftaff as before. 

And then let the leader, ftanding at his ftaff, 
look back towards the laft ftation, and he will fee 
the ftaves and the {tation in one right line, if they 
have directed right. But if they are not inone right 
line, the leader muft direct the follower to place his 
{laff at the chain’s end, in the fame right line with 
the ftation, and the leader’s ftaff. 

And fo, let each direé&t the other, till the two 
flaves and the two ftations are in one right line ; 
and then muft the leader put down an arrow in the 
place of his ftaff, and go on: And the follower take 
up his ftaff and the arrow where he laft ftood, and 
go after him, 

And let them thus proceed till they have meafured 
to the ftation, or till the leader is nearer the ftation 
than one chain’s length ; and then will the number 
of the whole chains meafured, be expreffed by the 
number of the arrows pricked down by the leader, 
and taken up by the follower, which fuppofe 8. 

Now let the leader go on to the ftation, and there 
hold the end of the chain, and let the follower ftretch 
the chain as ufual, and then fee how many links are 
contained between the laft arrow and the ftation ; 
which may be readily counted by help of different 
bits of brafs, or curtain rings, or other marks fixed 
at the end of every tenth link, which links fuppofe 
to be 47. 

Then enter in your field-book the chains and 
links without any diftin€tion between them, and 
they will be 847 ; which imply either 847 links, or 
8 chains 47 links. | 

But here we are to obferve that the links muf al- 
Ways poffefs two places ; “as 8 chains and 4 links 
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(37) 
mult be written 804; that is 8 chains and 4 links, 
804. links ; and 8 chains without any links, muftbe 
written 800, implying 8 chains, or 800 links, 

It is neceflary that the furveyor fhould enquire of 
his affiftants at the end of every meafured length, 
how many arrows each hath; and if. the fum of the 
arrows are not ten, it is-evident they have dropt or 
left behind, thofe that are wanting; and confe- 
quently the laft length meafured is doubrful, and 
muft be re-meafured before you proceed. 

When you are come to the ftation, if it be con- 
venient to continue the length, let the follower ftand 
at the laft arrow, and let the leader go on with the 
chain, and fo place his ftaff, that it and the two fta- 
tions are in one right line ; then in the place of the 
ftaff put down an arrow, and goon; always direct- 
ing himfelf to place his flaff, and confequently his 
arrow, by the two ftations. 

When you have continued your length, till you 
have nearly loft fight of the fartheft ftation, fet up 
another ftation-ftaff in the-place of the laft arrow, 
and continue the length by the two neareft ftations. 

But withal take this caution, that it is not fafe to 
continue lengths very long, when the ftations are 
near one another. 

When your length is very great, having mea- 
fured ten chains, let the leader go on and fet his 
{taff down at the eleventh ; now let the follower put 
his ftaff in the place of the leader’s, and give the 
leader nine arrows, and then goon. But obferve 
to enter in the field-book thefe ten chains; and 
never truftto your memory. And if the length 
confifts of ten chains more, work as before, and en- 
ter 20 chains, and fo on. 

For a fhift, the furveyor may perform many 
works with the chain ; but this at beft is both labo- 
rious and tedious, the only inftruments for furveying 
all manner of lands both great and fmall in all cafes, 
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(38 ) 
being the Theodolites before mentioned ; yet left there 
fhould fometimes be an abfolute neceffity for taking 
the pofition of a line by the chain when other inftru- 
qments are wanting, we have here added the method 
of taking an angle therewith. 

In order to do this, provide three round fticks, 
very ftrait, and about four or five foot long. And 
if you were to take any angle as DBC (Fig. 21.) firft 
place one ftick upright in B, and there hold one end 
of the chain, and let your affiftant carry the other 
end and another ftick towards C, and direét him to 
move fideways, till the ftick held upright at E, be 
exactly in the right line BC, at the chain’s end, 
where let him leave it. 

Then let him take the end of the chain and move 
towards D, and, as before, direct him to plant the 
third ftick at the chain’s end upright in the line BD 
at F. 

Then meafure the diftance EF in links and deci- 
mal parts of a link, if lefs than one chain, and enter 
them in the field-book: So if the diftance EF were 
94 links and 7 tenths of alink, they might be enter’d 
thus, o° 947Perts. denoting o Sextants, 947 Parts ; 
the fextant ftanding for the chord of fixty degrees. 

In this work great care ought to be taken, that 
the fticks be as {trait as a workman can fhoot them 
with a long plane ; and that they are planted either 
exactly perpendicular, or.at leaft fo that the fticks 
planted at B and E, and the mark C may be exa@tly 
in the fame plane, and alfo the {ticks B and F, and 
the mark Din another plane, 

But becaufe it is very difficult to ere&t a ftick ex- 
actly perpendicular, it will be eafier to perform the 
Jatter thus; plant the ftick as nearly perpendicular 
as you can; then move yourfelf backwards towards 
G, the farther the better, till your eye, the ftick at 
B, and the mark at C, are all in one ftrait line, 
there fland and dire&t your affiftant to plant his ftick, 
fo 











































































fo that the ftick at B exactly cover it from the top 
to the bottom. 

But if it fo happen, that you cannot move back- 
wards at all towards G; then having planted the 
{tick at B, as upright as you can, let your fecond 
affiftant move forwards towards C, and let him there 
direé&t your firft afliftant to plant the ftick at E, fo 
that it exactly cover the ftick at B, while you direct 
him to place it in a right line with the ftick B and the 
mark at C3; and the like caution muft be ufed in 
planting the flick F. Neverthelefs it will often hap- 
pen fo that the mark at D may be a little fhifted, 
and in this cafe, time and trouble may be a little 
leffened ; for having planted the ftick at F nearly 
in a true pofition, move forwards towards D, and 
direét your affiftant to incline the ftick at F, fo that 
it exactly cover the ftick at B, then returning to B, 
direct your affiftant at D to place the mark in a right 
line with the fticks B and F. 

But, fecondly, if the angle DBC is fo great that 
the line EF be longer than the chain (asin fig. 22.) 
lay out a fextant ; thus while the chain was laid 
from Bto FE, fet down an arrow at H 50 links; then 
Jet your affiftants hold the chain’s ends at H aad B, 
while you with the middle in your hand, move to- 
wards I and lay both halves {trait ; fet down an ar- 
row at I, which conftitutes the equilateral triangle 
HIBI; and thereby gives the angle HIBI a fex- 
tant. Now the chain’s end ftill held at B, ftretch 
it through the point | to K, where alfo fet down an 
arrow ;.then meafure KF in links and decimal 
parts of links, which fuppofe to be 76 links and 4. 
tenths; and then fhall be entered in the field-book 
1° 764, implying one fextant and 764 parts. 

In like manner, if the angle were more than two 
fextants (as in Fig.23) 5 then having laid off the fex- 
tant HBI, let your affiftants hold the ends of the 
chain at B and I, while you with the middle of the 
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( 40 ) 
chain in your hand fet down an arrow at L, ‘confti- 
tuting the fextant IBL ; and then as before, the 
chain being ftill held at B, lay it through L, and at 
the other end K, fet down an arrow ; then mea- 
fure FK, which fuppofe to be 43 links and 5 tenths, 
and enter in the field-book 25435, that is, 2 fex- 
tants and 435 parts, 


If you would continue a ftrait line, fignify it. by 
entering in the book 3°000 ; that is, 3 fextants. 

If an angle be external, and fo contain more than 
three fextants (as in Fig. 24); let one affiftant hold 
one end of the chain at B, and let the other affiftant 
ftand with the other end of the chain at E, and there 
hold a ftick, fo that E, B and C, are in the fame 
plane as before fhewn ; and let him alfo plant a ftick 
atF, fo that the fticks B and F, and the mark D be 
alfo in the fame plane. ‘Then meafure the angle 
KBE as before, and to it add three fextants, and fo 
will the fum be the meafure of the external angle 
CBD. So if the angle GBD be 0% 947, then- will 
the external angle CBD be 3° 947. But if the angle 
GBD be 1°764, then the external angle CBD will 
4°764. And if the angie GBD be 2435, then the 
external angle CBD will be 5° 435. 


Now to plot any of thefe angles thus taken (fup- 
pofe that in Fig, 21); chufe fome line divided ‘into 
1000 equal parts, and with this line as a radius from 
the center B defcribe an arch ER, and lay thereon 
from E to F 947 equal parts and draw BD. 


And if youwould plot the angle taken in Fig. 22 ; 
from B with the length of the divided line, defcribe 
an arch EF, and lay thereon the length of the divided 
line from E to K, and afterwards 764 parts from K 
to F, draw the line BFD, and you will conftru& 
the angle required. 

Again, 
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Again, if you would plot the angle of Fig. 23; 
then as before, with the length of the divided line, 
from B defcribe the arch EF, and thereon lay EP, 
PK, each equal to the radius ; and afterwards lay 
435 equal parts from K to F, draw BF; and you 
have the angle required, | 


And if you would protra& an angle greater than 
three fextants (as the external angle CBD in Fig. 24)3 
firft continue the line CB, then from the angle fub- 
tract three fextants and make the angle GBD equal 
to the remainder. 


Angles about gardens or buildings may be taken 
with rods of 5 and 10 foot, and laid down in all re- 
{pects as with the chain, but are no ways fitting for 
large plans. 


Ifthe furveyor has only a chain, and having 
drawn his plan, would draw thereon a meridian line ; 
he may do it thus; exactly at twelve aclock, mark 
the fhadow of fome upright object, as the corner of 
a houfe, or fome ftrait tree, or your ftaff fet up- 
right ; then plot this line on your plan, and it is a 
meridian line, 


Or thus; in a night when the Pole flar is to be 
feen, place yourfelf fo, that your eye, the Pole-fiar, 
and fome upright object, as the corner of a houfe, or 
the fide ofa ftrait tree, be in one ftrait line; then 
plot the line from your feet to the upright object, 
and it will be a meridian line. 


Indeed the Pole-/far moves round the real pole ; 
but at fo fmall a diftance from it, that in this cafe 
the variation may be rejected. 

How- 
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( 42) 
However, you may obferve that the Pole-ffar is 
¢ March and September at 12, 
April and Ogober at 2, 
full north about } May and November at 4, 
the 20th day of } Fune and December at 6, 
Fuly and Fanuary at 8, | 
L Auguft and February at10 J 
a clock either morning or evening ; always increafing 
nearly 2 hours for every month, 


Therefore if the obfervation is made about thefe 
times, the variation will be very inconfiderable. 


Alfo obferve, that 5, 6, or 7 hours before or after 
thefe times, if the pointers are to the eaftward of the 
pole, then the variation, of the ftar is about 3 
degrees and a half weftward ; and is then the 
greatelt. 


But if to the weftward of the pole, the variation 
is about 33 eaftward, and then at the greateft. 


Note, The pointers are the two hinder wheels of 
the conftellation called Charles’s Wain, which are 
obferved to be always in a direct line with the 
Pole-ftar. 






















IV. 


To caf up the Contents of LAND, with the 
Method of reducing \rreguiar Curves to Strait 
Lines. 


F1E contents of any field may be readily caft 

up thus: Take each bafe and perpendicular 
of every triangle, and each diagonal of every Tra- 
pezium, in links, efteeming every chain 100; inevery 
Trapezium multiply the fum of the perpendiculars 
by the diagonal ; and in every fingle triangle, the 
bafe by the perpendicular; then add the feveral pro- 
ducts together: Put a point between the fourth and 
fifth places, and another between the fifth and fixth, 
reckoning from the right hand; then halve the figures 
to the left hand of the points, and fo will this half 
be acres; if an unit remain, that unit is an half 
acre or two roods; and if the figure between the 
points be five or more, take five from it and ac- 
count it another rood. ‘Then, multiply the remain- 
ing figure o between the points, by 8, and to the 
product add the tens to be carried from the fourth 
figure, and you have the perches. If any perfon is 
fo curious, as to efteem the decimal parts of the 
perches, they will be the product made by multi- 
plying the figures to the right hand of the point by 8. 
So in figure 25 the operation will be thus, 


313 

























é Ad i lé ve tod Ped 4) 
y 5 AS ‘ } Sy a : BESS at aes % SS ~ SS De 


ory: ) y DEI) Me eae ZZ } _ a. Pio 








= ochre Ce 
S21, oe 


ASN “ia 


SN 


NS 


j STP CT FAP , 


( 44) 


313=AC; 214=KL; FG=418 

















612=DE; 396=HI; AH=900 
925 610 3 376200 
725 = BF soo=FM 
4625 305000 
1850 
64.75 670625 
a 305000 
670625 376200 
13[5|1825 
A. REP. 


Anfwer, 6: 3:1 


Here half of 13 gives 6 the acres, and one ree 
maining is 2. roods ; then the 5 between the. points 
gives another rood ; and fo the whole is 6 acres and 
three roods ; and becaufe there is but one ten to be 
carried from the fourth place, and that after the « is 
taken out of the fifth, there remains nothing, there 
is but one perch. 


In like manner, if the whole fum of all the 
Ai Re P; 
17|4|5364 8}. 2aree 
Products } 111912765 (the con-) 5. 3. 34. 
be 10/5/4321( tentis )5.1.03 
81413764 4+ 0.35 


So if the fum of the produéts be 4117/6354, the 
content is 20 . 3, 21/0832, But this method mutt 
be only ufed when the figure is reduced to triangles 
and trapeziums, 

It may not be improper, to add in this place, the 
manner of cafting up fuch fields as confift of many 

{mall 


































{mall breaks in the hedges ; without reducing them 
to a multitude of triangles ; thus. 

Let Fig. 26, be fuch a field; produce NM, one 
of the longeft fides; then lay the edge of a ftraie 
ruler from M, one of the angles at the end of NM, 
to G the next angle but one; holding the ruler thus 
faft, take with a pair of compafies the diftance from 
L to the edge of the ruler, and with this diftance let 
one point of the compaffes move gently clofe to the 
Tuler, while the other point traces out a line parallel 
to it, and croffles NM inQ. Now draw GQ, and 
it will reduce that fide of the figure, which was 
hounded by the two lines ML LG, to another 
bounded by GQ, one fingle line only. 

In like manner QG being produced, and a ruler 
laid from G to E, carry the diftance of F from the 
ruler parallel to it, till you crofsQGinK. Then 
lay a ruler from K to the next point D, and carry 
the diftance of E from the ruler parallel to it, till 
you crofs QG in H. Now lay a ruler from H to 
the next point C, and carry the diftance of D, the 
laft point from it, parallel, till you crofs QG in 1. 
Laftly, draw IC, and the fide GC which confifted 
of the four lines GF, FE, ED, DC, will be reduced 
to the fide 1C, confifting of one line only. And in 
like manner we might proceed if the lines were never 
fo many, 

And thus laying a ruler from C to P, draw PO; 
and in like manner AQ. So will the ten-fided figure 
be reduced to a four-fided one, and fo may be catt 
up by one multiplication only. The practice of 
this will be rendered vaftly eafy by help of a parallel 
ruler, 

Provide a plate of thin brafs in form of an arch of 
a circle ; near whofe ends let there be drilled {mall 
holes, through which ftring it with a very fine hair 
or wire. Being thus provided ; when a hedge at 
GC bends in and out in feveral places, and thofe 
4. bends 
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( 46 ) 
bends contain very fall fpaces, Jay the hair over it 
Jengthwife, fo that the quantities thereby cut off 
from the figure may be equal to thofe added to it; 
and with your protraCting pin, near the erids of the 
hair, make two marks, thrdugh which draw a ftrait 
line ; and fo will this irregular fide be reduced to a 
regular one. And here we may obferve that in very 
{mall bends, we judge better by the eye than we can 
by the compafles of the equality of the parts taken 
in and left out. 

But, if hedges confift of large curvatures, chufe 
out fuch points, and fo many of them, that right 
lines drawn from point to point, may. vary the 
quantity by: fuch parts only as may be rejected. 
And herein your hair will be a ready affift- 
ance, 
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Sif Cina 
Of the Laying out, or Dividing of LAND. 
HEN any number of acres, roods and 
perches are to be laid out, or meafured off 


from another field, it is convenient to reduce them 
to fquare links, which may be done thus : 


I 40 

If the roods are A. add ¢ 80% to the perches, 
3 j 120 

and to the fum annex 4 cyphers. Divide this laft by 


16, or by 4 and 4, and write the quotient figures, 
if they confift of 5 places, after the acres, 


But when the number of quotient figures are but 


} c write io cphers pater the acres, and then 


the quotient figures 5 and fo will you have the {quare 
links required. 
Fx. 
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A, RE PP) } 
Ex.I, Reduce 7 2 24 to fquare links. 


to 24 perches, ij 
Add 80, because 2 roods 
16)1040000(65000 
80000 


Anfwer 765000. 





AR. P. 
Ex. II. Reduce 7 0 11 ¢o fquare links. 
to “11 perches Fat 
Add o because o roods, i 
4)110000 } 
4) 27500 





Quotient 6875 has four places. 
Anf{wer 706875. 


At RuePs 
Ex. II, Redwe 7 0 or to fquare links. 


Zo O1 perches, 


Add o becaufeo roods, 
16)10000(625 shree places 
40 
“80 
Anfwer 700625. 


A, R.-P. | 

Ex.1V. Reduce 13 3 37 ¢o fquare links, i 
to perches, i 

Add 120 ~— becaufe 3 roods, mes, 
4.) 1570000 he. \ 

4)392500 | & 


ey 





uotient 98125 bas 5 places. 
a Anfwer 1398125 fquare links, 
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In the laying out of lands, there are three cafes; 
or Problems, which arife in practice. 


* 


For, either the partition line is required to be pa- 
rallel to fome other line affigned, or is to pafs thro’ 
fome point affigned in the fence, or to pafs through 
fome point affigned within the land, 


In the folution of each of thefe cafes, I chufe an 
arithmetical approximation rather than a geometrical 
conftru€tion ; for reafons fufficiently known to thofe 
who have practifed. 


Note, When a quantity of land is to be laid outs 
or taken off from a field 5 itis neceffary to have an 
exact plan of the place, or field; and this is fup- 
pofed in the following problems. 





PROB. 
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PR OB. L 
From the Field HGEKF, Fig. 27. 


Let it be required to cut off towards AB, 8 Acres; 
3 Roods, 18 Perches, by a line drawn parallel to 
AB. 


IRST draw parallel to AB a line CD by gues, 

near the place where tis imagined the partition 
line fhould be; and then caft up the content of the 
figure CDHG, which fuppofe to be 772575 fquare 
links, which is lefs than 84: 38: 18P-, or 886250 
fquare links, by 113675 fquare links ; which fhews, 
that the partition line fhould be more towards K, 


Now divide the excels 113675, by 965, the 
length of CD in links, and at the diftance of 118 
links, the quotient, draw EF parallel toCD, and ic 
will be fufficiently near the partition line required. 


But if by curiofity you are led to correct the va- 
riation ; you may conceive CD to be a line given in 
pofition, and 113675 fquare links, to be the quan- 
tity to be cut off, and EF the line drawn by gues. 


But if the line CD had cut off the quantity CDHG 
greater than that required; then the partition line 
had been. more towards GH, whofe diftance from 
CD would be found as before, by dividing the dif- 
ference by the length of CD, 
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( 50 ) 
PRO B.. II. 
From the Field LMPQRSTW, Fig. 28 


To cut off 54+ o8 35”: towards the corner L., by.a line 
drawn from the point V. 


R Educe the given quantity 54: oR 35P+ to fquare 
links, and ‘they will be 521875. 


Then draw LV, forming the triangle VLW, 
which being caft up, amounts to 30800 fquare links, 
which is too little, 


To the next angle draw VM, forming the tri- 
angle VLM, which being caft up will be found to 
amount to 2946 32 fquare links, which added to the 
triangle VILW, you have 328432 fquare links, the 
content of the 7: rapezium VW iLM, which is {till too 
little. 


To the next angle draw VP forming another tri- 
angle, whofe content 403850 fquare links added to 
328432, the content of the preceding figure, gives 
732282 {quare links; which is more than the re- 
ae quantity, by 210407 fquare links ; therefore 

the partition line mult pafs between P and M, 


Divide the excefs by 497, half the length of VO 
the perpendicular in links, and lay 423 the quotient 
from P to N, and fo fhall YN be the true line of 


par tition, 


PROB. 








PROB. IIL 
In the Field BCFGH, Fig. 29. 


Lo lay out 7™ 38. 1 3P- towards the corner B, by draw- 
ing -one-o7r two iii thro’ apont A within the field, 


ae perfor m this with one line: Confider through 

which two fides of the field the partition line 
will pafs. Reduce the figure to a Trapezium, full 
retaining thofe fides, as fhewn in page 45. Which 
divide by.a line through the affigned point A. 

But, becaufe this method is tedious, and depends 
on the concourfe of many lines ; and though we 
fhould ufe numbers, we fhould little mend che mat- 
ter, and indeed is often impoffible to be performed 
by one fingle line ; it may not be amifs to fhew how 
to do it by two lines. 

From A to! any two angles H and B, draw the 
lines ALJ, AB, forming the triangle AHB, this be- 
ing caft up, amounts to > 338000 {quare | links, which 
is lefs than the quantity requ uired. 

To the next angle C, draw AC forming the tri- 
angle ABC, which bein @ caft up, athounts to 
322500 fquare links ; which added. to the triangle 
A ae, gives 660500 fquare links ; which are {till 
lefs than the q iantity required. 

To the next angle F draw AF, forming the tri- 


angle ACF, whole content bis ebictan {quare links, 
added to the preceding triangles AJAB, ABC, gives 
9413003 which .exceeds. the quantity r equir red by 
158175 fquare links ;. now divide this excefs 158175 
by 292, ae the length Oh the perpendicular EA, 
lay the quotient 541 from F to D, and draw AD; 


and, fo wi \ patie a nes AH, AD, be the partition lines 
required ; and th: cabs AHBCD vil contain the 


given quantity Paele was to belaid ot 
Ba 2 SEC. T. 
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The ufe of the Theodolite exemplified in Surveying feve- 


ral parcels of land lying together, with the form of 
a Field-Book. 





4 F TER a general defcription of inftruments 
J a and their ufes, fome practical examples are ne- 
ceflary to ilfuftrate and explain the particular varieties 
which often occur. 

The following example is delivered in the fame 
nethod which at this time is commonly praétifed, 

The inftrament ufed in this furvey is a Theodolite 
numbered on the limb from the left to the right, and 
in the box (which is fixed to the index) the fame way ; 
the eye being fuppofed in the center, 

The Chain, the Off-/et-Staff, the Arrows, 8c. are 
as deicribed in the third Seton. 

In one end of the Off-/et-Staff, it will be conve- 
nient to {crew in a piece of iron, having at the end a 
Kind of fork, whole legs thall be juft long enough 
to embrace the hand-ring of the chain, which being 
put in the fork, the end of the chain may be thruft 
through a hedge by the means of the Off- fet-Staff, 
to’ the leader of the chain on the other fide of the 
hedge, 

The field-book may be divided into three columns. 


The middle one contains the feveral lengths taken 


by 


$: 


























by the chain: And the outfide columns contain the fe- 
veral off-fets, and the defcription of the moft remark- 
able objects, which are to be met with in the furvey. 

By. the mark © is denoted a ftation; by. an 
infide angle ; and by 7 an outfide angle; : by.(B, 
denoted a bearing; by Jnt, the cutting a hedge i 
the chain ; by ag. fome remarkable objedt on the 
farther fide of the he dge. Thele fymbols are ufed 
inftead of “words, becaute they conitantly fall in the 
way; but other objects which. are more rarely met 
with, 1 exprefs by wo: ‘ds. 

Being thus provided, in the firft page of the field- 
book, near the top, enter the title of your furvey 
Then having fixed the inftrument in fome convenient 
place, as A to begin at, l enter in the middle co- 
lumn the mark © 1. denoting the firft ftation, 

Here obferve, that I always chufe to work in a 
lane, as often as opportunity prefents, 

he inftrument being planted at A, I fend a fta- 
tion {taff forwards in the lane as far as I can fee di- 
ftinctly, the farther the better, fuppofe to (B 3.) and 
when I work in the land, | fend a ftation- {taff to the 
next eminent bend in the hedge, or even to the far- 
ther end of it, if the line from the -inftrument to the 
fiaff be not at too great a diftance from the hedge, 
{fo as to éaule off- a ereater than achain, or a Wain 
and a half, or thereabouts. For off-fets taken’ too 
great, produce fome uncertainties, 

Then I obferve the bearing of the line AB, 
18; the flower-de-luce in the box being towards 


cra | aan the fights to B 35 and then find the 
needle cut tae which I enter in the middle column 
under.© r, thus, B 329°. 


Note, By the haneauaie ufed in this example, the 
bearing is accounted from the north, weflward quite 
round to 360°. 

The obfervation being made of the line’s pol fition, 
which I am about to meafure, th 
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( 54>) 
the chain from this {tation A in a right line towards 
the next {tation B 3 ; which being done, J let it lie, 
till I have entered the occurrences in this chain’s 
aia 3 viz. | meafure the dittances of the chain 
from t e: brow of each ditch, which ] enter in the 
outfide tee that on the right hand of the chain 
in the right hand column, that on the left in the left 
hand column; and alfo the names of the perfons 
who own thefe lands abutting or if thefe lands are 
fome of thofe which Iam about to furvey, I enter 
the names of them ; and in all cafes exprefs to which 
land the hedge belongs: 

Theie precepts will not be repeated, tho’ I thall 
ever make ufe of them ; but if any other are ufed, 
they will be laid nour the frit time they occur in 
this example, but not afterwards. 

Now I enter’o in the niddle column, and 20 
in the right hand one, and 20 in the left; de- 
noting, that at no diftance, or at the inftrument, 
the ditch om the right hand is 20 links from the 
chain, and that on the 1 left allo 20. In the right 
hand column I write William Wary’s land, hedge to 
Wary; and in the left, Lord Title’s land, bedge to 
Lord s ; brane the fanth and hedge on the right § iS 
Wary’s, and that on the left my Lord's. 

ee now come toa, | am right againit the 
fouth hedge of Hazle Spring, and alfo of J Woodfield, 

and there SAnd the diflance from the ditch on the 
right hand to be 25, and on the left to be 20, and 
that afterwards the hedge on the rieht hand belongs 
to Hazle Spring, and on the left to Woodfield. There- 
fore I enter in the middle column 65, and in the 
right hand column 25, ag. hedge to Hazle Spring 
hedge to Spring ; and in the left 20, ag. hedge on 
Woodfield, hedge to Field. 

Fiere it may be obferved, that thefe off-fets, or 
diftances of the chain from the hex dere , are meafured 
(with my ten-link ftaff, which I therefore call my 
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Off-fet-Staf) perpendicular to the chain, and fo far 
till I come to that brow of the ditch, which is fartheft 
from the ftem of the hedge: And that here by the 
brow of the ditch, I mean the determined diftance of 
five links from the ftem of the hedge. And in order 
to lay this ftaff perpendicular to the chain, it would 
be convenient to have two pieces at one end of it at 
right angles, like the fquares ufed on a drawing- 
board ; and thefe pieces, for convenience of car- 
riage, may be made to fall into the ftaff, by fprings 
like a clafp-knife. 

Having entered thefe obfervations in the firft 
length of the chain, I obferve what place of the 
sround is exactly under the center of the inftrument, 
by dropping a mufquet-ball, or plumbing it with a 
{tring and weight ; then I remove the inftrument, 
and in that place fix, as upright as can be, a ftation- 
ftaff, and then proceed with the chain. 

And becaufe in the fecond and third lengths of 
the chain I meet with no fenfible turns in the hedge, 
nor other material occurrences, I go on to lay ita 
fourth time, and there againft 45 links I find a bend 
in each hedge; where on the right hand the brow 
of the ditch is s0 links diftant from the chain, and 
on the left 40; therefore in the middle column | 
enter 345 (denoting 3 chains 45 links) and in the 
right hand column 50, and in the left 40. 

And here it may be obferved, that I take off-fets 
only at each end of fuch parts of a hedge, as run 
very nearly ftrait, omitting the intermediate parts ; 
fince when the extremes of a right line are given, 
that right line itfelf is alfo given: So here, though 
the diftance of the hedges from the chain between @ 


and 6 continually vary, yet I only take the off-fets at eA 
aand b, fince thefe are fufficient. But when the x 

hedge runs on with a continued but irregular cur- x 
vature, I take off-fets at every chain or half chain’s ~ 
length, or perhaps oftner, as the thing requires, But \ 
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) ( 56 ) 
when the curvature is regular, I take its extremities 
by off-{ets, and exprefs its nature by a fketch, in the 
outfide columns. 

In going on from & towards B, when I am come 
toc, the chain touches the brow of the left-hand 
ditch, againft 20 ; then] afk the hindmoft man, or 
the follower of the chain, how many arrows he hath? 
he anfwers 5; then lenterin the middle column 520 
(denoting « chains 20 links) and in the left hand co- 
lumn oo, ‘denoting that the brow of the ditch is at 
no diftance from the chain, The chain ftill lying, 
again{t 4o links, I find a bend in the night hand 
hedge, where the ditch is diftant from the chain 50 
links. 

Now it may be obferved, that I frequently afk 
the follower of the chain, and alfo the leader, how 
many arrows they have? efpecially when I am about 
the off-fer or other occurrence, partly to know the 
number of the chains, and partly to prevent the lofs 
of an arrow ; for this. always raifes a doubt of the 
length, and muft be removed before we proceed ; 
and left when a thick | is dropped, another may be 
picked up in its room, I always give my arrows 
ome marks of diftinction. 

If the fum of the arrows in both my affiftants 
hands are lefs than ten, then the laft length muft 
either be re-meafured, fince it is doubtful, or elfe 
thefurveyor mutt fiep 1 i and thereby difcover which of 
them dropt it: And this, with a little practice, he will 
eafily do by counting his fteps, and ufing himfelf to 
ftride about the fame diftance each flep 3 and by 
loofing a button of his coat when he hath oone as 
many ‘ftep s as (by e experience he knows) carry him 
the length of a chain, And hence he may know 
exactly the number of the chains, though he cannot 
perhaps find exactly the odd meafure. But the 
number of chains is fufficient, becaufe the error by 
dropping arrows always falls in whole chains, 
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Tn like manner, at the length of juft 800, be- 
caufe the chain touches the right hand ditch, and is 
diftant from the bend in the left hand go links, I 
enter ia the middle column 800, in the right hand 
column oo, and inthe left go. 

Then I continue on to my ftation-ftaff at B*, 
which I find to be at the le ngth of 825, where, be- 
caufe there is no bend in the hedge, or other ma- 
terial occurrence, I enter 825 inthe middle column, 
and under it I draw a line, denoting that this length, 
and all the occurrences therein, are obferved and 
entered in the field-book. 

Since I have endeavoured to be plain and eafy in 
this firft length ; fo fhall I, in the following part of 
this exarnple, be as concife as may be, unlefs where 
fomething arifes not before fpoken of ; referring the 
réader rather to the field-book and explanations, 
than tiring him with repetitions. 


Being come to BS, I there fo plant the inftrument: 


by help of the plummet, that its center is dire¢tly 
over the hole, which the ftation-ftaff ftood in ; and 
I fend my ftation-ftaff forwards, as far as I can con- 
veniently fee it as toC. 

Now with the beginning of the degrees towards 
me, I direct the fixed fights back to the ftaff at A, 
and fcrew the inftrument faft: Ana then with*the 
Flower-de- pass towards me, I direét the index to 
the ftafFat C, and there find, that the end of. the 
index next me, cuts 202° 45, and the fouth end of 
the needle re at. 304° 15. Therefore I enter in 
the middle column of my field-book, © 2, and un- 
der it td es AL (at; and next under this & 204. re 
denoting, that at the fecond flation, the angle aeeli> 
is 202° 44', and the bearing of the fecond | 
304° 15 

But before I proceed, I examine thefe numbers 
thus: To the bearing of the laft ftation 327°, I add 
the conftant number 180, and from the fum 507°, 
fubtract 
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( 58) 
fubtract the prefent bearing 304° 15’; and find the 
remainder 202° 4%, exactly equal to the angle, 

Or elfe, to the angle 202° 45, I add the prefent 
bearing 304° 15°; and from the fum 507° fubtract 
the conftant number 180, fo fhall the remainder 
327° be the bearing of the laft length exactly, as 
taken at the laft {tation. 

And this operation I place in the outfide column 
avainft the fame angle and bearing, to fignify, that , 
the angle and bearing have been compared, and do 
agree, 

But if thefe numbers thus compared, do not a- 
gree, the prefent angle and bearing muft be ex- 
amined and correéted; andif, after fuch examina- 
tion, they do not agree, there is an error in the laft 
bearing, which may be taken again ; thus, 

The inftrument ftanding in the fame place, I di- 
re€t the index, the Flower-de-luce being from me, 
to the lat ftation-ftaff at A ; and then will the fouth 
end of the needle point at the fame degrees which it 
did when the inftrument ftood at A, and the index 
was directed to B®. 

Having thus taken, entered and examined the 
angle and bearing, I proceed with my chain, and 
find the lengths and occurrences to be as you fee them 
in the field-book. 

Then fixing the inftrument at C, as before fhewn, 
obferving always to fet the plate horizontal by the 
help ofa fpirit-level, or otherwife ; I fend a ftation- 
ftaff forward to D, and obferve, enter, and prove 
the bearing and angle atC ; and then ftretching the 
chain towards D, I find at the length of 250, a gate 
on my right hand, and at 260, at the diftance of 10 
links, the corner of Hazle-Spring. Therefore in the 
middle column I enter 250, and right againft it, in 
the right hand column, I write Gaie; again, in the 
middle column, I enter 260, and right -againit it, 
in 
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in the right hand column, 10 Corner. And then 
proceed to the ftation-ftaff at D, 

Having finifhed the length CD, and fixed the in- 
ftrumenc at the fourth ftation D, I do not go up the 
lane towards EF, but turn off towards L,; in order 
co clofe in Hazle Spring and Spring Clofe ; always ob- 
ferving this rule, viz. Never to make a tour greater 
than neceflity requires, but always to clofe as often 
and foon as poffible. 

Therefore having fent a ftaf to L; TI obferve, en- 
ter and prove the angle and bearing at D. 

Flere it may be obferved, that when I came to K 
in the firft length, the hedge on the left hand be- 
longed to Woodfield, and not to the lane; and there- 
fore I enteredin the lefthand column, Hedve to Field ; 
and fince this note, the hedge on the left hand hath 
continued to belong to the fame Woodfield 5 therefore 
I have not repeated that occurrence. But in going 
from Dito L, at the length of 15 links, I am againit 
the corner of Long Mead, and xo links diftant from 
it, and then the hedge belongs to Long Mead. 
Therefore after O 4. 7 SoC. B26 TIO. en 
ter in the middle column rs, and on the left hand 
10 Corner, then on Long Mead, then Ledge to Long 

Lead, 

But becaufe on the right hand we have ftill Hyele 
Spring, and the hedge is ftill to the Spring, and_be- 
caufe thefe have been always on the right hand fince 
I firft entered them; I go on without any farther 
remark, till ] meet with a different occurrence. 

Being come to L, I obferve, enter and prove the 
bearing and angle, and then proceed to M. AtM 
I obferve and proceed in like manner toN. But at 
N, the feventh ftation, inftead of going on in the 
line, I proceed to clofe.in Hazle Spring, and there- 
fore fend a ftation-ftaff to O in Spring Clofe. 

Therefore at the feventh ftation N in the lane, 
having obferved, entered and proved the Angle 
MNO, 
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( 60 ) 
MNO, and the bearing of the line NO, and direéted 
the chain from N towards O; I find the chain cuts 
the brow of the ditch at 10 links aiftant from N ; 
therefore in the middle column I enter 10 Int. denot-- 
ing the chain’s interfecting the hedge, and then 1 
write In Spring Clofe, denoting that the land we are 
in is called Spring Clofe; and in the right hand co- 
lumn, but the next line, I write Hazle Spring, and 
under this, Hedge to Spring, denoting that the land 
on our right hand is Hazle Spring, and that the 
hedge belongs tothe fame. Then.I proceed to ob- 
ferve, meafure and enter thofe occurrences as they 
are found in the field-booky; till I come to O. 

AtQ, I obferve, enter and prove, and proceed as 
ufual towards Q ; noting that at the length 720 the 
chain did cut the hedge in the very corner of the 
fence ; and therefore enter in the middle column 
720 Jnt. and in the right hand column oo Gorner, 
and then in the middle column J write, In William 
Wary’s Land and fo proceed to Q. 

Being come toQ, the ninth-ftation, I fend a fta- 
tion-{taff towards A’; and then obferve, enter and 
prove my angle and bearing 3 and fo proceed with 
the chain, entering all occurrences, as in the field- 
book ; till coming to the length 830, I find myfelf 
right againft the corner of Hazle Spring, and 43 di- 
ftant from it; which being entered as you fee in the 
ficld-book, I write in the middle column * Choe 
Hazle-Spring, denoting that the extremity of this 
off-fet coincides with the firft off-fet taken to Hazle 
Spring, 

Fiaving thus compleated Hazle Spring, 1 return 
to N, my fiation in the lane, according to that ge- 
neral rule I always obferve, of working in a lane, 
and according to that rule of clofing as often as pof- 
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Now, turning back the leaves of my field-book, 
I find the ftation, immediately before my coming 
into 
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( 61 ) 
into Spring Clofe, was by number the feventh. 
Therefore, in my field-book, I enter © ef 

But here it may be obferved, that whenfoever I de- 
fign to return to the Tame {tation, before I leave it, I 
cut a turf from the hole where the ftaff {tood, or 
leave fome other mark, whereby I may exaétly find 
it again readily; and in the field-book to the mark 
©, I prefix the letter R, or write the word Return: 
by which, and the other concomitant notes, I rea- 
dily difcover the number of the ftation. 

But when the © to be returned to, falls in a way 
where many carriages, €?¢c. pafs; ot when it may 
be thought proper, asa cheque on the foregoing 
work, to direé&t a line from fome convenient © to 
a former ©, feveral days after you departed from 
that former © ; in fuch cafes, it will be beft to drive 
a plug, cut froma hedge-ftake, and pare the ground 
away, or leave a few ftones, about this plug; or 
make fome mark in the hedge oppofite to this plug, 
whereby it may be readily found again ; obferving 
to conceal thefe plugs or marks from the country- 
people, who in general, hating the practice of tak- 
ing furveys of their grounds, will frequently remove 
the furveyor’s marks, either to give him trouble, or 
divert themfelves. 

And for the convenience of the ready cutting and 
driving of thefe plugs, one of the affiftants fhould 
have a fmall hatchet ftuck in his girdle ; befides, 
fuch an inftrument is often wanted to cut away the 
{mall ftuff in a hedge, in order to @pen a proper 
view to the ftation-ftaff. 

Flaving now planted my inftrument a fecond 
time at N, and fent a ftaff forward to R, I obferve 
the angle MNR, made by the line NR, I am next 
about to meafure, and the line MN, that which I 
meafured immediately before I came to N the firft 
time. 
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And this I always make a conftant rule, viz. To 
obferve the angle with that line which was meafured 
immediately before I came to the ftation, where I 
took the angle the firft time. So here I obferve the 
anele made with MN, and not with any other as 
ON, and therefore in proving the angle MNR, I 
ule the bearing of MN taken at M. 

Now having taken, entered and proved the angle 
MNR, and the bearing of NR, I go on with the 
chain towards R, entering the (coe occurrences as 
you find them in the field- “book. 

Being come to R, the tenth ftation, tho’ my de- 
fign is to inclofe ee ing Clofe, yet _becauk the laft 
lenet h, , continued f (trait forwards, will take the fouth 
hedge of Long "Mead ; in the middle column I enter 
CTOs ace 1 80, B.274. 45. -and then direct the 
Jeader of my chain to lay it right forwards by help of 
the {tations R and N; and accordingly 1 enter the 
occurrences of that length, as you fee in the field- 
book. 


This finifhed, I return to R, and fending a flation- 
ftaff to S, I enter again © 10, and the angle and 
bearing at R, and fo proceed to S, 

And then from S to ds ; arid fo from T the 12th 
{tdtion to P, incl ofing Sf ing Clofe, 


Spring Clofe be ing fi ‘nif 1ed, Lreturnto my fourth 
fation at D; and fend a ftation-ftaff forwards to 
E, and then under ©4, obferve and enter the 
Cee of DE, and the angle CDE ; and then by 
the bearing of CD, taken at the flation ' C; imme- 
d lately ree I came to D, prove the angle CDE, 
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ferved and entered the angle and bearing at the thir- 
teenth ftation FE, when I come to prove them, I find 
by adding 180° to 353°15, the bearin ie of the line 
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( 63) 
which brought me to this ftation ; and when from 
the fum 533°.15, I have fubtracted 82°, the prefent 
bearing, I find the remainder to be 451° 145', a 
number greater than the 360. Now as oft as this 
happens, I leffen this number by 360 degrees, and 
fo will the remainder be, as in this example, 91° 15’, 
the prefent angle exactly. 

Then entering the occurrences, I proceed to F, 
and in like manner from F to G, from Gto H, 
from H to J, and then from J, the feventeenth {fta- 
tion, toK, thereby inclofing Woodfield, 

This done, J return to F, and there becaufe I can 
continue my length DE, right forwards conveniently, 
Tenter © 13, 4 180° 00, B. 353. 15. and then go 
on to Y. 

And then entering angles, bearings, and other oc- 
currences, I proceed from V to W, and from W to 
X, the 2oth ftation. 

Being come to X, and having entered 7 234° 
20, and B 307° 4c, then after I have added 1809 
oo’to the laft bearing 2° oo’, I find the fum 182° 
oo is lefs than 307° 40’ the prefent bearing: In fach 
cafes I always add 360 tothe fum 182, and then 
from the refult, taking the prefent bearing 307° 40%, 
the remainder will be, as in this example, 234° 20, 
the prefent angle, 

Then I proceed to Y, and from Y to Z. 

Being come to Z, the 22d ftation, in order to en- 
clofe Long Mead, | go off to a, from e to B, from 
B toy; where, becaufe the feveral bends of the 
river cannot fo commodioufly be taken without it, 
from y I go off tod ; and then from y¥ to ¢, from « 
to ¢, from Z to y, and from y the 28th ftation, to; 
thereby inclofing Long Mead. And then return to 
Z. But obferve that at ftation 23 where the river 
falls in, the breadth fhould be taken, and wrote in 
the field-book; and in coafting the river, its 
breadth fhould be taken in feveral places, and 
marked 
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( 64 ) 
marked in the field-book ; alfo at ftation 28 where 
the river ceafes to be the fence, it muft be noted, 
together with its breadth ; the courfe of the river, 
or the way it runs muft be likewife entered in the 
book. 

Being come to Z, I find it convenient to con- 
tinue my length ftrait forwards; and therefore under 
© 22, I] write 2180, and fo go on to %, from % to 
a, from 4 to 7;.and then in order to inclofe Butts 
Choe, 1.go off from: 7, the 31ft ftation, to p, and 
p toc, cy 

Then returning toz, I go on to A* the 33d fta- 
tion, and then, inorder to clofe the Home Clofe, I 
go off to B*, and fo then to C*, and D*. 

Returning then to A*, I go onto E’, from B* to 
F*, from F* to G*, and G* to H’, the goth fta- 
tion. 

Being come to H’, in order to clofe in Mottle 

Jead, Lo of to I*, from I* to K*, from K*to L*, 
the 42 pofition, and from L* to M’, and fo is Motrle 
Mead finifhed. 

Then in order to inclofe Hazle Wood, 1 go from 
12 to N*, from N* tothe angle at F, and fo is 
Hazle Wood finifhed. 

Then I return to H? the 39th ftation, and thence 
go to O*, and from O? to P?, the 45th ftation. 

And now, in order to clofe in Hazle Field, 1 go 
from P? to Q*, and from Q* to T*. i 

Which being done, I go from P* to R*, and 
from R*to $2; and fo the whole is finifhed as you 
find it in the field-book ; and as far as relates to the 
field work. 

It remains to thew, how this work may be plotted 
without any regard to the memory ; nay, though it 
were furvey’d by one perfon how it may be plotted 
by another who never faw the land; provided that 
the perfon who furvey’d it, hath ftriétly obferved 
the rules here laid down. And I do affirm, that 
any 




































































( 55 
any method of keeping a field-book, which lays a 
burthen on the memory, or by which, a perfon re- 
mote from the land, cannot plot it, is imperfect, 
and ought not to be practifed., 

But it may not be improper, to advertife the 
reader, that there is one thing abfo lutely neceflary to 
be taken notice of, in obfervin 1g with any of the 
foregoing inftruments, viz. itiat the plate muff lie 
always parallel, or very near paralle! to the plan of 
the horizon. 

Likewife, he ought to allow for the ui rence 
between afcending and defces ey 2 lengths, when 
compared with the horizontal length. 

For it isevident, that the le: neth meafured up an 
afcent, or down a defcent, will be always greater 
than the horizontal lengths, Se hich only are the mea- 
fures that ought to be ente red, either for cafting or 
for drawing the plans of any parcel of land ahaios 
ever; fince thefe afcending meat res, if laid dowa, 
would crowd the adjacent ones out of their places. 

And fince thefe things are required very frequently, 
many times in going upon one afcent, and confe- 
quently ought to be performed in the field, in order 
to make a proper entry in the book; I would have 
the practitioner be provided with fuch a Theodolite, 
as will perform without compafies, rulers, fectors, 
tables, €¢. thefe ufeful practices, or without any 
further obfervations than what is required to take the 

angle only. Such Theodslites may be made, not 
only to perform thefe, but alfo to fhew by infpec- 
tion, the height of any fianding ftick of timber, 
without any calculation, tho’ the {tick Rood on level, 
rifing, or falling ground: Or the length of any arm 
out of reach; or height of any fteep ie or hi ie Or 
by it a level 1 proper for the condudti ng of water 
very ufeful for all furveyors in general. 


fe 


a 


Tho’ I. do defign to give a fpecimen of this 
improved inftrument, hereafter, in all its 
F con- 


Bay fra : 
es x 


SLEEP LL 


ry 
j 
¥ 


a *~ 
) ag 





Pate a 


( 66 ) 
not pafs it by in this place, 
er-look it. 


conveniencies, I coi 2 


2 
left the reader fhould 
In this place it will be proper to obferve fome par- 


ticulars which e: ake rienced fur rveyors have found ne- 
ceflary. 


In taking the Theodolite thro’ a hedge, it fome- 
I sd that a thorn or fprig catching the 


sin the fights, breaks them ; thereiaes the 
furvey« or fhou! : have fpare horfe-hairs ready,” and a 


piece of dry ftick tp eat to a fharp point, to fix frefh 
horfe-hairs to the fights. 


oO 
horns, or other fhort ftuf (or b 
? 3 
ae ea the links wi ‘l be frequently | bent, 


‘up ning the chain a long a i field where are many 


ares: 
= 
a} 
ay 
a 
ct. 


and the ri es opened, whet reby the ans parts 5 in 
fuch Cale, a {mall har d- vi Hea and a pair of nippers 
fhould be ready, that the chain may be put together 


Tinks ftraitened « : 
And left fome of the links fhould be broke, or the 


X 


eat . ? ie 
again, the rings clofed, and the 


rings loft, there fhould be fpare links and rings at 
hand. One of the chain-men may eafily carry thefe 
articles ‘in his pockets: And it will be Proper that 

of them fhould every even ing, or the morning 


before he goes into Me e field, examine the chain from 


end to end, and rectify what may be found amifs. 





In clo < weather, or towards the evens 
ing, the taves cannot be eafily feen, unlefs 
at {hort diftances ; and as it is much better on all 


IACCHiiAta 
atiCOUnN! 


ts, to have them at long diftances when that 


can be had, and isa lofs of time to fet intermediate 
ftaves ; therefore if eae of tin, or other white 


marks were ready to fix to the to p of the ftaves, the 


furveyor would find oe account by fuch precau- 
tions 


It 
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It often happens, that the elafs which covers the 
box is wetted by rain, mi . dews, or your breath ; 


G | 
i 
t 


now in wiping this off to fee the needle, the. glafs by 
eC he 


ti 

ul 
{ 
L 


being rubbed becomes electrified, and thereby at- 
tracting the need ile, e, prevents its free motor - Tt is 
neceflary the furveyor fhould be apprized of this, 
and that by touching the glafs with his nde wetted, 
over the place to ders the point of the needle ad- 
heres, it will be releafed from the eleCtrical attrac- 


tion, and move towards the pofition into which its 
magnetical virtue directs it. 


An induttrious Hever will not leave the ficld 
for a {mall, mizling rain; and qlee * he cannot then 
write in his book with in sk, yet his obfervations may 
be entered he a black- _ penc “il and thefe wrote 
over with ink when he returns to his abode. 


There are feveral things that.occur in a furvey, 
which cannot. with convenience be entered in the 


field-book by the foregoing directions, fuch as, 
places where are many buthes, pits, or other ob- 
{tructions where the inftrurnent and chain cannot be 
readily directed ; alfo the fite of houfes, barns, 


nm 


yards, ponds, €&c. Such things fhould be entered 


in the field-book by a fketch or drawing in the op- 
pofite page, a fuch lines meafured with the chain 
or off-{et-ftaff, as are neceflary to furnifh the means 
of making a true e plan thereof, 
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REE I Ce 


Obfervations and Dimenfions of Lands lying in the 
Parifh of —-—-——- in the County of Part of 
the Eftate of 











February the 2d, 1725. 


Beginning at the lane leading from Hardly to Roughton. 
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To protra the obfervations contained in the preceding 
Field- Book. 


Plate IJ. marked NS, reprefenting meridians 
or north and fouth lines, at a diftance from one an- 
other, not exceeding the breadth of the diametrical 
part of the Protraczor. 

Then picking out fome convenient place to repre- 
fent the firft ftation, as A ; the field-book being 
open before me, I lay the center of the Proiracior 
on the point A, and the diameter parallel to the 
lines NS, and the beginning of the degrees down- 
wards, becaufe the bearing is more than 1803; then 
again{t 327 degrees, I make a mark with my Pro- 
traéting Pin, to which 1 draw an obfcure line from 
A, reprefenting the chain-line from the ftation A to 
the ftation B. 

Then to this obfcure line, I lay the edge of my 
Plotting Scale, the beginning of the divifions co- 
inciding with A, and increafing towards the next 
ftation B, and becaufe the off-fets, in the firftlength, 
are taken at the diftances 65, 345, 520, 540, 800, 
82+ + therefore, againft thefe numbers on the fcale, 


< = 5 


I make marks in the obfcure line clofe to the edge of 


4 


Pete’ draw parallel right lines, as thofe in 


A 


This done, I turn my {cale-perpendicular to_the 
abfcure line, and apply it fucceffively to thefe feve- 
| ne ae 


1 ~ 


and there prick off the lengths of t 
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ral offfets on their refpedtive fides of the obfcure lines 
fo at A, I prick off 20 on the right hand, and 20 
on the left; at the length 65, which is the next 
point, I prick off 25 on the right hand, and 20 on 
the left ; and at the next point, which is at the di- 
{tance 345, I prick off 50 on the right hand, and 40 
on the left ; at the fourth point, which jis at the di- 
{tance 520, I prick off co to the left hand ; at the 
fifth point, which is at the diftance 540, I prick off 
50 to the right hand; at the next point, which is at 
the diftance 800, I prick off oo to the right hand, 
and 40 to the left; at the laft point, becaufe no 
off-fet was taken, I lay none down, 

And now, if lines are drawn from point to point 
on each fide of the obfcure.line, they will reprefent 
the fences as was required. But when the off-fet is 
oO, as in the fourth and fixth diftances, thofe points, 
to prevent being over-looked, fhould be marked 
with a black-lead pencil, » or fomething elfe, which 
may be eafily rubbed out again. 

At the fecond diftance, where we were again{t the 
fouth fences of Woodfield and Hazle Spring, with a 
black-Jead pencil draw two fhort lines, cutting the 
Jane, to denote that the fouth fences come up tothe 
Jane, and will hereafter be of ufe in clofing thefe 
plots. 

Having thus finithed my firft length, I produce 
it, if occafion require from B, both ways, till it is as 
Jong each way as the Radius of the Protragor. Then 
I place the center of the Protraor on B, and thereon 
turn it about, becaufe the degrees of the next angle 
are more than 180, till the begnning of the degrees 
of the Protraéor are contrary to the laft flation A, 
and the diameter coincident with AB. . Then clof 
to the edge of the Protragor, right againft 202° 46', 
I make a mark with my Protraéfing Pin, and to ‘it 
from B draw an obfcure line repreienting the chain- 

line from B toC, 


Tnen 





























































Then } turn the Protrafor about, the center fii! 
coinciding with B, and becaufe the bearing is more 
than 180, fet the bevinning of the degrees cawanns 5. 
and the diameter parallel to the meridians ; ; and 
then, if you have truly wrought, the line BC before 
drawn, will meet the limb of the Protraéor againk 
304° 15, the bearing of the line BC. 

But if ic doth not, the line BC is not in its true 
pofition, and muft be corrected before you pro- 
ceed. 

Or thus; the center of the Protraéor coinciding 
with B, I turn it about till the beginning of the de- 

grees is towards S, becaufe the bearing i is greater than 
v5. and till the aha lies parallel to the me- 
ridians ; and then clofe to the edge of the Protragor, 
with my Protraéing Pin, I make a mark againft 
304° 15, the bearing of the line DC, and toit, “from 
B, draw a ftrait line reprefenting the ftrait line BC, 
Then turning the Protragor about on sag center, G. 
and becaufe the angle there taken was 202° 45’, or 
more than 180, I turn the beginning i fia degrees 
of the Protraéior contrary to the laft ftation A, and 
the diameter to agree with AB; and then will BC 
meet the limb of the Protragfor againtt 202° 465 if 
the bearing is truly down 

And thus the plot may ‘be laid down by the bear- 
ings, and examined by the angles. 

Then to this obfcure line, 1 apply the end of my 
Plotting Scale, the beginning of the diviGons co- 
inciding with the hy Paran B, and the num- 
bers increafing towards the next C ; and then clofe 
to the edge thereof, again{t 240, 250, the lengths 
where the off-{ets were taken, I make marks with 
my Protraéiing Pin. ‘This done, I turn my {cale 
rpc to the obfcure line, and at 240, I 
prick off 15 tothe left hand, and again{t 250, which 


gives the point C, I prick off ro the right hand, as 
the field-book directs. Now continuing the fences 
to 
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to thefe off-fets, I rane have finifhed the fecond 
length from B to C. 

The fecond length thus finifhed, I produce it, if 
occafion require, from C both ways, till the length 
each way be at leaft equal to the Radius of the Pro- 
trator, Then J place the center of the Protraéfor 
on C, and becaufe the degrees of the angle at C are 
lefs than 180, I lay the beginning of the degrees of 
the Prosvactiy towards B, the laft ftation, and the 
diameter on BC. Then clofe to the edge of the 
Protraétor, with my Protragting Pin, | make a mark 
again{t 143° 45', the quantity of the angle at C, and 
to it draw an obfcure right line from C, reprefenting 
the linefrom C to D. 

Then turn the Protraégor about, its center ftill co- 
inciding with C, becaufe the bearing is more than 
180, the beginning of the degrees towards S, and 
the diameter parallel to the meridians, and then if 
you have worked truly, the line CD before drawn, 
will meet with the limb of the Protraéor againt 
340° 30', the bearing of the line CD. 

But if not, the line CD is not in its true pofition, 
and muft be corrected before yow proceed. 

From the laying down thefe two angles and bear- 
ings, it appears how errors often happening in prac- 
tice, may be prevented. 

The general rules 1 obferve herein are three, wiz. 


1. I lay the diameter of the Protraéor on that 
line which brought me to the prefent ftation, where 
the angle, about to be laid down, was taken. 


2. I lay the beginning of the degrees of the P7o- 
traéior towards the Jaft ftation, when the angle is 
lefs than 180 degrees ; but the contrary way, when 
the angle is more. 
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In laying down or examining the bearing, 1 
lay the beginning of the degrees of the Protraéior 
northwards, when they are fewer than 180; but 
fouthwards, when more. 


In like manner I lay down and examine the angles 
and bearings taken at D, 1, M, N, O, Q, the 4th, 
6th, 6th, 7th, 8th, gth ftations, and alfo the cor- 
refpondiny lengths and occurrences, But in the lait 
length QA, having at the ee 830 laid off an 
off-fe of 43, it gives exactly that corner of Hazle- 
‘pring, which was noted down inthe &rft length in 
the lane’; which proves that the angles and lengths 
inclofing Hazle-/pring, are truly laid down, But if 
the extremity of the laft off-fet in the length QA 
doth not coincide with the extremity of the fecond 
off-fet AB, both denoting the fouth weft corner of 
Hazle-fpring, the lengths and angles defigned to in- 
clofe the fame Hazle-fpring, are not truly laid down, 
and therefore muft be examined and corrected be- 
fore you proceed, 

Now © 7, being marked with 7, a number not 
ereater than 9, the number of the laf ftation, , be- 
ing the next work noted in my field-book ; | return 
to © 7 in my. draught, and there with MN, the 
line which I meafured immediately bet fore | came to 

I make the angle MNR 162° 447, and the bear- 
ing NR 274° 45, as noted in the field-book, and 
then proceed to lay down the off-fets and other oc- 
currences, at their proper lengths and diftances. 

Having finifhed NR, I find next following in my 
field-book © 10, which becaufe it is greater oe 8, 
the number which immediately follows 7, the num- 
ber of the Jaft ftation; and becaufe I Bnd no ftation 
already laid down, marked with a number fo great 
as 10, therefore I conclude, that the‘ftation R, where 
i now am, is to be numbred 10; and from thence 


proceed 
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{ 92) 
proceed to lay down and examine the angle and 
bearing at R, as ufual., 

The rules I obferve in thefe cafes are, 


s. To number with black lead all the ftations I 
have already laid down in my draught, and alfo to 
expres thofe numbers fucceffively after one another, 


in a piece of wafle paper, which I examine as often 
as J pleafe. 


2. If I come to a ftation whofe number doth not 
immediately fucceed the number of the laft {tation, 
but is greater than the greateft of thofe numbers 
noted in my wafte paper by an unit; then at the fta- 
tion now arrived at, I lay down and examine the 
bearing and angle with the line I meafured imme- 
diately before I came to this ftation. And this fta- 
tion I number as denoted in my field-book. 


3. If Icome to a ftation, whefe number doth not 
immediately fucceed the number of the latt ftation, 
but is greater than the greateft of thofe numbers 
noted in my wafte paper by more than an unit, 
then fome omiffion hath arofe in my watte paper, 
and muft be rectified before I proceed. 


4. And laftly, if I come to a ftation whofe num- 
ber is already entered in my wafte paper, then I re- 
turn to that-ftation in my draught, and there lay 
down and examine the bearing and angle with the 
line, meafured immediately before I came to this 
ftation, the firft time. 


Now the next obfervation I meet with in my field- 
book, is again © 10; therefore again at © 10, I 
Jay down and examine an angle and bearing, as 
noted in the field-book, and then proceed_to lay 

down 
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(93 ) 
down the lengths and off-fets of the line RS, as I 
find in my field-book. 

Being come to S, I proceed to T, and from T to 
P, there clofing with the extremity of the off-fet at 
P, coinciding with the fouth-weft corner of Spring- 
clofe, and the fouth-eaft corner of Hazle-/pring. 

This done, I find next in my field-book © 4; 
therefore I return to © 4, and there proceed as my 
field-book directs, till 1 come to ftation 13; and be- 
caufe this is a number greater, by an unit, than :2, 
the number noted in my wafte paper, I number it 
13, and then proceed, as my field-book directs, to 
F, G, H, I, and K, there clofing in Woodfield by 
the extremity of the off-fets there laid down. 

This done, I next find © 13, and therefore, be- 
caufe already entered in my wafte paper, I return to 
© 13 in my draught ; and then proceed as before 
fhewn, till I have plotted all the occurrences men- 
tioned in my field-book: But the remaining part 
hereof I leave for the exercife of the reader. 

All houfes, barns, mills, or other buildings; alfo 
kilns, ftone-pits, gravel-pits, ponds, watercuts, hills, 
hollow-ways, Jand-marks, bridges,. roads, bridle- 
ways, foot-ways, ftiles, remarkable old trees, and 
any other particular which the furveyor may mect 
with on the eftate he is workingin, fhould be noted 
in the hield-book ; and fuch meafures, and fketches 
of them taken, as that they may be inferted in the 
plan: For fuch particulars being frequently referred 
to in old terriers ofveftates, their being accurately 
delineated in a map, would afcertain their pofition 
and diftance from other places ; and thereby pre- 
vent fome of the fatal contefts that arife among 
neighbouring families. 

When all the particulars contained in the fielc- 
book are delineated or mapped, caft up the contents 
of each inclofure, road, lane, wafte, &@c. by the me- 
thods before fhewn; and write the contents, together 
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( 94 ) 
with the name in each piece: Let the plans of build: 
ings be fhaded by lines drawn acrofs ; and .write the 
names of the neighbouring eftates or parifhes on the 
outfide, near the places where they bound the lands 
in your map; alfo at the ends of roads and lanes, 
write where they lead to and from; and thus will 
the foul draught of the furvey be finifhed, This 
foul draught may be transferred to your clean paper, 
parchment or vellom, many ways ; among which 
the following one is eafily practifed. 

Take the fcrapings of red chalk and black lead, in 
equal quantities, mixed together ; rub the back of 
the map with this powder, and then wipe off as 
much as will come away with gently rubbing a cloth 
over it: Lay this coloured part downwards on the 
paper or vellom, faftening them together with 
weights, pins, sc. ‘Then with a fharp-pointed bod- 
kin or tracer, trace all the lines of the furvey, and 
the impreffion of them will be marked on the vellom: 
Take the foul draught off, and-go over all the co- 
Joured lines with a fine pen and Indian ink ; and fo 
will the draught be transferred. 

Annex a fcale of poles and yards; with acompafs, 
allowing for the variation of the needle; alfo infert 
the latitude of the church, manor-houfe, or fome 
other noted mark; and embellifh the map with fuch 
other ornaments as are commonly introduced in 
works of this kind. 

Obferve that the reprefentation of the hedges ought 
to be laid down on the fame fides of the fences, that 
they are inthe land; and to be broke off where 
there are to be the repreféntations of gates, ec. 

There ought to be imaginary lines, both vertical 
and horizontal, denoted by letters placed at the top 
and bottom, and alfo on the fides, to be referred to 
by the table of references ; for the ready finding any 
field, or p land thereim contained. 7 
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Laftly, I fhall, in this place, only add, that in 
all performances of this kind, errors, for the moft 
part, arife from the defeéts of inftruments, in the 
framing, dividing, and contriving. 





ped an Wo SONA oy 


Of a new, certain, and expeditious Method of Survey- 
ing and Plotting by the Theodolite, as now im- 
proved. 


N the practice of furveying, it hath hitherto been 
found very difficult to make a large parcel of land, 
when it came tobelaid down in a map, clofe exactly 
with regard both to the lines and angles meafured, 
efpecially if it were mountainous and hilly ground, 
nay even a fmall quantity of uneven land has often 
puzzled thofe who otherwife thought themfelves ex- 
pert furveyors. Now this difficulty in clofing the 
draught, arifes chiefly from the following caules. 
Firft, The not taking care to place the plane of 
the inftrument truly horizontal or level, and which 
indeed it is almoft impoffible to do by the eye alone, 
efpecially on-the fide of a hill ; and tho? this may by 
fome be thought of little fignification, yet thofe who 
have any knowledge in geometry, mutt allow, that 
very great and unavoidable errors will arife thereby ; 
for it may be demonftrated, that if the plate of the | 
inftrument dip but 2 degrees at right angles to the eM 
the line of obfervation, and the hill defcend 10 de- 
grees, it will caufe an error of 42 minutes in the x 
* This SeGtion is part of Mr. Warner’s Appendix to the 
fecond edition of this book. * 
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( 96 ) 
angle, and the object will be thrown oué of its true 
place 12 links inthe diflance of 10 chains; and how 
great confufion mutt this make in plotting the-fuc- 
ceeding angles which turn thereon as 6n a center ? 
But if fo confiderable an error arife by miffing the 
level only 2 degrees, nearer than which I believe no 
one will pretend to place an inftrument with by his 
eye, what egregious blunders muft the practifers 
with the plain table make, who, when they cannot 
fee thro’ the fights of their inftrument on an afcent 
or defcent, ‘do commonly rife, dip, or, as it may be 
properly faid, twilt the plane of their table more or 
lefs out of the level till they can fee their objects ? 

Secondly, ‘The not making due allowance for the 
difference between the lines of afcent or defcent, and 
_the horizontal lines, which are the only lines that 
ought to be laid down ; and though it isa common 
practice on the fide of a fteep hill, to. double the 
chain, and fo in afcending to make the leader hold 
the middle in his hand clofe to the ground, while 
the follower raifes the end by the ftafF in his hand, 
till he judges it to be ftrained on the level, and in 
defcending, the leader elevates the middle by his 
ftaff in like manner, while the follower keeps the 
end clofe to the ground ; yet a true horizontal] line 
can hardly be obtained this way, by reafon of the 
{waying of the chain, and the uncertainty of keep- 
ing it in its due place. 

Thirdly, The plotting the angles by removing the 
Protractor from ftation to ftation; in doing which, 
if we confider the nicety required in laying the. diame- 
er of the ProtraGtor, and the variation of the hand 
in pricking down the quantity of degrees and mt. 
nutes, and in drawing the ftation-lines, we muft al- 
jow it to bea very difficult matter to protract fo 
ear aS rQ minutes; whence, if there be a confide- 
rable number of ftations in the circuit, the plot will 
‘arely be found to clofe as it ought, for an error in 
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any one of the angles will be communicated to all 
that follow, and each fucceeding ftation will be 
thrown more and more out of its true place, as it is 
farther from the angle where the error firft arofe; 
and though it be a good way to protract backwards 
as well as forwards, yet even that will hardly bring 
it to bear, unlefs the errors happen to. counter- 
balance, 

The foregoing are the principal caufes that render 
it difficult to make a correét map ; and they are 
now intirely obviated by the New Improved Theodblite, 
as made by Mr. Heatu, and the method of fur- 
veying and plotting hereafter defcribed. 

ie This inftrument has a fpirit-level affixed to 
the telefcope, and another fpirit-level at right angles 

thereto in the box ; by means of which crofs levels, 

and the help of four fcrews Playing between two 
plates in the braf head of the f taff, the plate or limb 
of the inftrument is readily brought to a true hori- 
Zontal fituation. 

Secondly, The telefcope with crofs hairs therein, 
turns on an arch fixed to the index perpendicular to 


the plate of the inftrument, the arch is of the fame. 


radius as the plate , and the telefcope may be elevated 
or deprefied thereon quite toa quadrant, or go de- 


grees. On this arch are graduated the degrees of a 


circle, which are nt pated from the vertex either 
way, oid 210, 20, ce. and are cut by an index un- 
See telefcope, divided after Vernier’s (commonly 


alled Noxius’s) way, like thofe on the limb of the 
‘aft trument, Within the degres are two lines num- 
rad with 10, 20, &%¢. down to 100, and cut by 
the edges of the mantel on the right’ whereof is 
eraved Elevation, and on the left D: epreffion. Thef 
lines f erve to fhew the alt inacie or depreffion of ny 
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Of timber ftanding 3, as alfo to find the altitudes of 
the feveral parts of a building in drawing the per- 
fpective appearance thereof, as will hereafter be 
fhewn. Below thefe are other graduations cut by 
the lower part of the index, which fhew the diffe- 
rence’ between the oe sothenufe and bafe of any 
right-angled triangle, (the hypothenufe being always 
fuppofed to confit of 100 equal parts) and confe- 
quently they give by infpection the number of links 
to be deducted i of each chain’s length in going up 
or down any hill, for reducing the hypothenufal 
lines tohorizontal. There are alfo plain fights fixed 
upon the telefcope to be ufed in fhort diftances, and 
for continuing the fame ftrait line both ways from 
the inftrument, as is neceflary to be done in many 
cafes. 

When the index under the telefcope is fet to 00° 
at the vertex of the arch, and the two bubbles 
brought tothe middle of their tubes, then the hori- 
zontal hair in the telefcope cuts an exact level, and 
the plate of the inftrument becomes a true horizontal 
plane; and if the interfection of the crofs hairs be fet 
to any object by moving the telefcope above or be- 
low the level, the divifions on the vertical arch will 
fhew the elevation or depreffion of the obje&t: Alfo, 
when the telefcope is directed to any object, the in- 
firument may be readily fixed fo firmly in that di- 
rection, by turning a ferew under the center, that 
there can be no danger of being ftirred by removing 
the index on the plate towards another object. The 
degrees on the plate are divided fo accurately, that 
though they are cut by three indices 120° diftant 
from one another, having Vernier’s (or as vulgarly 

called, Nonius’s) divifions on each, yet the eye can 
perceive no tnequality in the divifions all round the 
limb, but whatever part of a degree the index under 
the eye-glafs of the telefcope cuts, the fame will al- 
ways be found to be cut by the other two; there is 
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alfo a {mall index that ferves to cut the particular di. 
vifions on the limb to be ufed for taking the breadths 
in drawing the perfpective appearance of any build- 
ing. The whole index, with the box fixed thereon, 
turns round ona conical center without flirring the 
needle, and may be fixed to any part of the limb, 
by means of a {pring and ferew adapted thereto. In 
a word, the entire inftrument is contrived fo com- 
modious, portable and ftrong in all its parts, that it 
is allowed to be the beft of the kind ever yet made. 

Thirdly, In order to avoid any error that may a-_ 
rife in taking the angles in the field, or from pro- 
tracting them angle by angle, as has hitherto been 
the univerfal cuftom, let the furveyor obferve this 
following method, which for its readinefs as well as 
accuracy, will, no doubt, be preferred and practiled 
by all who would excel in this art. 

The inftroment being planted at the firft ftation, 
fix the index to 360 degrees on the limb, and fett- 
ing the plate truly horizontal, turn it about tll the 
fouth end of the needle hangs over the Fleur-de-lys, 
or 360 in the box, and fix it in that pofition by help 
of the {crew underneath ; then difcharging the index, 
turn that about, and direct the vertical hair in the 
telefcope, to cut the fecond ftation ; there fix the 
index to the plate again, and the fouth end of the 
needle will fhew the bearing of the firft line, which 
will alfo be cut by the index on the limb, and is to 
be entered in the field-book, as before fhewn. Now 
when the inftrument is removed and planted at the 
fecond ftation, obferve that the index hath not been 
{lirred, and turning the whole limb about, direct 
the vertical hair in the telefcope back to cut the firft 
ftation, fix the plate in that pofition ; then difcharg- 
ing the index, turn it about till the fame hair cuts 
the third ftation ; there fix the index to the plate 
again, and fet down the nuinber of degr¢es and mi- 
nutes it cuts og the limb, which number will at the 
Eie3 fame 
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( 100 ) 
ame time be cut by one end or other of the needle 
n the box, if there be no miftake in the obfervation: 
Proceed in like manner at the third and all the fol- 
Jowing {tations, always remembring after you have 
turned the plate about, and directed the telefcope 
backwards, to obferve that the index remains fixed 
at the degrees laft. noted in the field-book, fo will 
the needic be always found to correfpond with the 
index fufficiently near, to difcoverand prevent any 
error in the work, 

We have here added an example of part of the 
field-book of an actual furvey, wherein the. angles 
were obferved by the method above defcribed; and 
though there were 24 ftations in the circuit, yet for 
proof, the inftrument being planted again at the firft 
itation, and the telefcope directed back to the 24th, 
the plate being fixed in that pofition, the index was 
difcharged, and the telefcope direéted to the fecond 
ftation, and then the index cut the fame number of 
degrees as was firft fet down in the field-book. 

When there is occafion to return to fome former 
{tatior, in order to go off from thence for the clof- 
ing fome particular part, as in the following ex- 
ample, we return to {tation 23. Enter the number 
of fuch {tation again in the field-book, with a fmall 
figure at the head of it, denoting how often the in- 
ftrument has been planted at that ftation, thus 237 
denotes the fecond time of planting the inftrument 
at {tation 223 then confider from which ftation you 
locked forwards to the prefent ftation 23, which was 
{tation 22 ; feek in the field-book the bearing of the 
line between the ftations 22 and 23, and fix the 
index to that number on the limb; then turning the 
plate about, direct the telefcope back to the former 
flation 22, fix the plate in that pofition, and dif- 
charging the index, direct the telef{cope forwards to 
the next f{tation, and thence proceed as before ; fo 
will the needle be always found to be a fure cheque 
on 
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on the limb, tho’ the obfervations do not depend 
thereon. 


Note, Tbe letters affixed to the numbers of the fations 
in the following field-book, are not to be 
ufed in practice, being bere added only for the 
more ealy referring to the plot, in defcribing 
the new method of laying down. 


The plan to which the following field-book refers, 
isin Plate II. By the mark x is underftood an in- 
terfection, either acrofs a gate or fence, When a- 
gainft an off-fet is put the mark +, and another 
number follows it, it means that both the numbers 
are to be laid of on the off-fet line. Zr fignifies an 
angle or corner. | | 
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Now to protract the foregoing obfervations, thro? 
the middle of the. paper defigned for the draught, 
draw the right line NS for ameridian, Plate III. and 
therein chufe a convenient point C, to which lay the 
center of acircular protra¢tor, the diameter coincid- 
ing with the line NS, and the 360, or beginning of 
the degrees being towards N the north, fix the pro- 
tractor in that pofition by laying a weight thereon, 
or pinning it down; then on the circumference of 
the protractor prick down the feveral bearings noted 
in the field-book, numbering from the north eatt- 
wards, or towards the right hand all round, and to 
each point affix the number of the ftation to which 
it belongs. 

Chufe a convenient place on the paper for the firft 
flation, as at A, and laying the edge of a parallel 
ruler to the center C,. and the point marked 1, open 
the ruler till the edge cuts the point A, and thereby 
draw an occult line parallel toC 1, on which fet off 
the firft length (165) from A to B, the ed ftation ; 
then laying the parallel ruler to C and the point 2, 
transfer it to B, and thereby draw an occult line, on 
which fet off the fecond diftance (766) from B to C, 
the third ftation: Again, lay the parallel ruler to C 
and the point 3, transfer it to C, through which 
draw an occult line, and thereon fet the third di- 
{tance (520) from C to D the fourth ftation. Pro- 
ceed in like manner all round, and if the work be 
true, the laft line will pafs throvgh the firft point ; 
but if it doth not, and the error arifes by miftaking a 
whole chain or fo, it may readily be difcovered in 
hich line it was committed by obferving whether 


uft point fall fhort of, or beyond, or above, or 
below the firft point with which it ought to co- 


i & 


he only feeming difficulty’that-can arife in draw- 
{tation lines by this method, will be to di- 
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though this can feldom be any obftacle to the fur- 
veyor whotook the dimenfions, and who by the idea 
he has of the land, will, for the moft part, remem- 
ber whether he turned off to the right or left at fuch 
or fuch a ftation ; yet, if he fhould at any time 
doubt, as it may perhaps happen when he has fe- 
veral days work to protract, and a multitude of fhort 
{tations therein: Or, if any perfon who never faw 
the land, fhould attempt to draw it out by the field- 
book, and find himfelf at a lofs about the quantity of 
an angle; then let him fubtract the bearing at the 
next preceding {tation from the bearing at the pre- 
fent ftation in queftion, increafed by 360, if fub- 
traction cannot otherwife be made, and the re- 
mainder gives the prefent angle ; which if it be lefs 
than 180°, fhews that the line flowing from the {ta- 
tion, muft be drawn inwards, butifmore, outwards. 
Thus at © 17 noted with R, it might be doubted, 
whether the line from thence fhould be drawn in- 
wards towards /, or outwards towards S 3 to folve 
which, from the bearing at the prefent O17, 280° 
50, fubtract the bearing at the laft © 16, 33°: 20 
and the remainder 247°: SPIO Fe creater than 180: 
oo, fhews that the line muft be drawn outwards to~ 
wards S; the fame doubt might alfoarife at © 18 (S), 
but if from the bearing at © 18, 347° :50', we fub- 
tract the bearing at the lat © 17, 280°: 50, the re- 
mainder 67°: 00' fhews it to be an infide angle : 
Again, at © 19(T) the bearing is 27°: 25’, to which 
add 260°, and fubtract the bearing at the laft © 18, 
349°: 50, and the remainder 39°: 35 fhews the 
an an ale to be an infide angle, and very acute. 
When the draught is fo large, that all the ftations 
cannot conveniently be laid down about one centre, 
the firft meridian line may be pro olonged, or another 
drawn parallel thereto, in which the furveyor may 
make choice of a new centre where he fhall think 
moit proper, and round this he may place his re- 
maining ftations in like manner as before defcribed 5 
I and 


Kt 





























Sei ee ay 2 a 
A yy Spy} We ips: UY ibe” 









( 114 ) 
and thus, he may chufe as many centers as he fhall 
find necefiary, but the fewer he can difpenfe with, 
the better. 

Moreover, the bearings may be laid down by a 
femicircular protractor numbered, as it is commonly 
done, with a double row of figures to 360°, which 
fome may rather chufe to ufe, becaufe the limb 
thereof may be turned wholly towards the light, that 
fo the divifions may be more advantageoufly feen ; 
but confidering the edge of a protractor is always 
made very thin, there can be no advantage gained 
thereby ; befides the circular ove is to be preferred 
in that it hath twice the room, and confequently, 
when there is occafion for laying down a great num- 
ber of obfervations about the fame centre, they will 
be lefs liable to confufion. Again, the degrees on 
the limb of the inftrument and in the box, may be 
numbered only to 180, and then begin again with 
10, 20, ec. to 180 more, by which means that 
end of the needle which is next the eye, will always 
cut the fame divifion in the box as the index doth on 
the limb, and there will never be occafion to enter a 
bearing greater-than 180° in the field-book ; fo a 
femicircular protractor numbered with a fingle row of 
figures, will ferve to plot all the obfervations ; but 
then there will be this great difadvantage (as well as 
the foregoing.in point of room) that, fhould the 
furveyor forget whether any angle was more or lefs 
than 180°, he could not readily difcover which to 
make ufe of ; and fhould a perfon, who had never 
{een the land, go about to protraét the work from 
fuch a feld-book alone, he muft be gravel’d at every 
{tation where the angle approaches near go® or 270°, 
as not having any means whereby to difcover on 
which fide it is to be formed, tho’ this doubt may 
in fome meafure be prevented by noting the angle 
in the field by the mark “7, or 7, according as it 
1s within or without; yet fhould the furveyor put 
down 




















































down a wrong mark, or forget to enter any (which 
may eafily happen when a multitude of obfervations 
are to be taken, and the weather proves untoward) 
in fuch cafe a great deal of time may be fpent before 
it can be afcertained whether the angle be internal 
or external, which is very readily known:in the for- 
mer method ; therefore that muft be the moft pre- 
ferable, fince it can never be fubject to any fuch in- 
convenience: And the practice thereof will be found 
fo very eafy to any perfon that underftands the fore- 
going part of this book, that a farther explanation 
would be altogether needlefs, 

Bur when the ftation lines are plotted by the bear- 
ings, there never can arife any difficulty concerning 
which way the line is to proceed from the laft fta- 
tion; for as every ftation line is to be drawn ina 
direétion parallel to an imaginary line from the centre 
of the protractor to the direction in its circumference 
marked withthe number of the ftation; therefore its 
pofition is naturally afcertained by drawing the line 
in that direction. 

The figure in Plate 1V. fhews how the contents 
of the foregoing example of part of an actual furvey 
was caft up ; and here are likewife fubjoined the di- 
menfions and calculations ; whereby it may be feen, 
that notwith{tanding there are 10 feveral pieces mea- 


fared feparately, yet when the whole plot was reduced 


to the trapezium MNOP equal thereto (by Prob. ro. 
page 8.) the content of this trapezium was found not 
to differ from the fum of the feveral contents by half 
a pole, a confirmation of the truth furprizingly 
near, 
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SERRE REE CLO OE eR ee 


Se aires, 


Of furveying of Shoals and Sands, by help of the 
. New Theodolite. 


| HERE are three methods whereby this may 
. be performed ; for the obfervations may be. 
| made either on the water or on the land. Thofe 
| made on the water are of two kinds, one by the log- 
_ line and compafs (as in plain failing) meafuring the 
'  courfe and diftance round the fand ; and then to be 
| plotted as a large wood, or any enclofure taken by 
| the circumferentor. | 
This method I omit for two.reafons ; firft, be- 
caufe it is to be deduced from the writers of naviga- 
tion ; and, fecondly, becaufe the diftances thus mea- 
fured are liable to the errors of currents, which ge- 
_ nerally attend fhoals or fands, that are near to the 
| fhore. 
. The fecond method, where there are no diftances 
to be meafured.on the water, tho’ ftill there is one 
inconvenience, common alfo to the former, becaule 
the bearings or obfervations are to be taken on that 
unftable element, (an error fcarce mentioned by our 
practical artifts) 1 fhall briefly hint at ; and fo ra- 
ther chufe a third, which is liable to neither of theie 
imperfections, 
: Let (in Fig. 30) a boat be manned out with a fig- 
: nal flag, a log and line, lead and line, and to ob- 
| ferve the bearings of any land-mark, a compafs with 


: =e 
fights : at 
Take two or more places, as A, B,C, on the \ 


fhore, from. whence the boat may be feen on the = 
feveral parts of this fhoal, = 
I 4 One 








= Wome A 


( 120 ) 

One of the boat’s crew is to found till he finds 
himfelf on the edge of the fand, by the depth of 
water, and then to come to an anchor ; which he is 
to fignify to two perfons on the fhore, at B and C, 
by his fignal. And then from thofe known land- 
marks, B and C, the obfervers are to take the bear- 
ings of the boat, and to regifter their obfervations ; 
which, when cone, they are to fignify to the crew 
by waving a flag, or by fome other fignal. 

And in the mean time, to prevent miftakes, let 
the crew, take the bearings of each of thefe Jand- 
marks : Then weigh anchor, which fuppofe at D. 

Then by foznding, proceed to E, and make like 
obfervations. And fo at BE, F, G, &c. till you have 
furrounded your fand. 

And if in this procefs, you are about to lofe the 
fight of one of your land-marks, fuppofe C, let your 
afliftant at C, who, at that time, will alfo be about 
to lofe the fight of the boat by fignals (before-hand 
agreed on) remove to fome other object before-hand 
agreed on, fuppofe to 1; and then to proceed as 
before. 

Laftly, if the fand runs fo far out to fea, that the 
object cannot be feen by the boat, nor the boat by 
the oblerver on fhore; there may be rockets fired 
by the boat’s crew, and alfo by the obfervers on fhore 
in the night, whereby thofe bearings may be taken 
almoft at as great a diftance as the light can be feen. 
For fuppofing they rife but a quarter of a mile above 
the apparent horizon, its ftay will be about 9 fe- 
conds, and its diftance for this quarter of a mile will 
be vifible about 44 miles. 

But rockets rife much higher, and then the di- 
{tances are much greater, whereby they are vi- 
fible. 

Or two boats may lay at anchor inftead of the 
Jand-marks, and then you may work as before, 

Now 
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Now, fince the land-marks B and C are fixed, 
their pofition may be laid down in the draught, as 
in common furveying, by plotting the diftance be- 
tween Band C, And then, by plotting the line 
BD, and the line DC, according to their pofition, 
their common interfection, will give the point D, 
And in like manner E, F, G, &c. may be plotted ; 
and fo the fhoal: And this from the bearings taken 
at Band C. 

If this be a ftanding lake, environed by bogs, not 
to be walked on; the obfervations at D, E, F, &¥c. 
by taking their oppofites, may fuffice to plot the 
fame from the land-marks A, B, C, &c. as well as 
thofe taken on the land; or, indeed, by the courfe 
and diftance, as in navigation, if the water be 
fmooth and without a current. 

In fea-fhoals, it is convenient to note at each ob- 
fervation the depth of the water found by the lead, 
and the drift and fetting of the current by the log 
and compafs, while the boat is at an anchor, which 
may be done with eafe and expedition enough. For 
while the boat rices at an anchor, her ftern points 
out the fetting of the current, and the Jog and glafs 
will meafure its drict. 


And thefe ought to be noted on the draught, 


which may be thus: 

The currents may be fhewn, by drawing a dart 
pointing out its fetting, and its drift by the Roman 
capital letters, and the depth of water by the {mall 
figures, 

All nocturnal obfervations ought to be feveral 
times repeated. 
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Sade 


Of Water-Levelling, or the conducting of Water. 


y (HE firft thing neceflary to this purpofe, is 

the adjufting of the level, which may be per- 

formed feveral ways: This that follows is very eafy 
and natural. 

Chufe fome ground whichis not above 4 or 5 foot 
out of the level, for the diftance of 8 or 10 chains 
length, and fuppofe it be AB (Fig. 31.) and find the 
middle between A and B, which fuppofe to be C; 
plant the inftrument at C; direét the tube to a fta- 
tion-{taff, held up at A, and elevate or deprefs the 
tube, till the bubble is exactly in the middle of the 
divifions ; then by fignals direct your affiftant at A, 
to raife or deprefs the vane, fliding on the ftation- 
ftaff, till the horizontal hair in the glafs, cuts the 
micdle of that vane; then fee how many feet, inches, 
and parts, are cut by the upper part of the vane, 
which fuppofe to be 3 foot 4 inches and 6 tenths, 

In like manner direct to the other ftaff at B, and 
fuppofe the upper edge of that vane to cut at the 
height of 6 foot 5 inches and two tenths; then will 
thefe two vanes be on a level. 

From 6 foot 5.2 inches fubtraét 3 foot 4.6 inches, 
and referve the remainder .3 foot 0.6 inches. 

Now, remove the initrument as clofe to the higher 
ftation-{taff as you can; fo that the middle of the 
telefcope may almoft touch it. Then bring the te- 
Jefcope as near to a level as the judgement of the eye 
will direct. 

Meafure 
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Meafure from the ground, the. height of the top 
of the telefcope ; and alfo of the bottom, in feet, 
inches, and parts: Suppofe them to be 4 foot 10.5 
inches, and 6 foot 0.3 inches; then half the tum 
of thefe heights 4 foot 11.4 inches is the height of 
the centre of the glafs; and to this add half the 
breadth of the vane, which fuppofe to be 1 inch and 
5 tenths, and to the fum 5 foot 0.9 inches, add the 
preceding remainder 3 foot 0.6 inches; then let the 
perfon at B move his vane, till the upper edge cut 
8 foot 1.5 inches, the fum of the preceding num- 
bers. 

Now, fo elevate or deprefs the hair or the bubble, 
till the hair cut the middle of the vane at B, and at 
the fame time the bubble ftands in the middle of the 
divifions ; and then will the inftrument be duly ad- 
jufted. | 

If you have a mind to be curious, repeat the ope- 
ration; but when you place the inftrument at GC, 
turn the tube at right angles to the line AB, and 
there fet it level ; then proceed with the repetition 
of the work, Only obferve to crofs-level it in this 
adjuftment, and in all future ufes whatfoever. 

Or the level may be adjufted thus: As before, 
firft plant the inftrument in the middle between A 
and B (Fig. 32.) and obferve the heights on the {ta- 
tion-ftaves, which fuppofe to be as above ; and con- 
fequently their difference, as before, is 3 foot 0.6 
inches. Now meafure from C towards the higheft 
ground A, fome diftance that comes almoft to As 
fuppofe 4 chains to D, and DB will be g chains, 
and DA one chain: Then plant the inftrument 
at D, direct the telefcope to A, and, fetting the 
bubble to the middle of the divifion, direct your al- 
fiftant to move the vane, till the hair cuts the middle 
of it; and note down the feet, inches, and parts 
cut by the upper edge of the vane; which fup- 
pofe to 3 foot 8.4 inches: To this add the dilice 


rence 
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rence 3 foot 0.6 inches, and the fum 6 foot g in= 
ches referve. ) 

Now direct the telefcope to the ftaff at B, level it, 
and direct your affiftant to move the vane, till the 
hair cuts the middle thereof; and then, if the 
upper edge of the vane cuts the foregoing fum 6 foot 
g inches, the hair and bubble are truly adjufted. But 
if-not, fay, As BD wanting AD, is to the diffe- 
rence between the numbers cut by the upper edge of 
the vane, and thenumber 6 foot g inches; fo is the 
diftance AD to a number, which added to that cut 
by the vane, when lefs than 6 foot g, and fubtraéted 
frorn the number cut by the vane, when. it is greater 
than 6 foot 9, will give a number, to which let the 
affiftant fixthe vane; then fo elevate or deprefs the 
hair or the bubble, till the hair cuts the middle of the 
vane at B, and the bubble ftands in the middle of 
the divifions; for then the level will be adjufted. 
The operation may be again repeated, and at every 
{tation crofs-levelled, which will confirm the former 
adjuftment. 

After the inftrument is duly adjufted, you may 
proceed to ufeit. . Let the example be this annexed, 
(fig. 33.) where A every where reprefents the level, 
and B the ftation ftaves; and fuppofe the rout be 
made from a to e; firft plant the inftrument between 
the ftation ftaves a and b: at A direé&t the level to 
a B, bring the bubble to the middle of the divifions, 
and inftruct your affiftant fo to place the vane, that 
the hair in the telefcope cuts the middle of the vane ; 
then ina book divided into two columns, the one 
intituled Back Sights, the other Fore Sights, ‘enter the 
feet, inches, and parts cut by the upper edge of the 
vane at aB, in the column intituled Back Sights. 

Then look towards the other flaff bB, bring the 
bubble to the middle of the divifions, and direét your 
affiftant to place the vane fo, that the hair cuts the 
midale of the vane; then enter the feet, inches, and 
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parts cut by the upper edge of the vane, in the co- 
lumn of Fore Sights. 

Now, plant the inftrument at A’, ftill keeping the 
ftaff Bb exactly in the fame place, and carry the 
ftaff a B forwards to the place cB; now look back 
to the ftaff bB, and enter the numbers cut by the 
vane there, under the title Back Sights ; then look 
forwards to c B, and enter the obfervation under the 
title fore Sigbts.. Do the like when the inftrument 
is planted at A3, A+, &c. always taking care to keep 
the ftaff in the fame place when you look’d at it for 
a Fore Sight, till you have alfo taken with it a Back 
Sight, 

Having finifhed your level, add up the column of 
Back Sights into one fum, and, the column of Fore 
Sights alfo into one fum ; and the difference between 
thefe fums is the afcent or defcent required. And if 
the fum of the Fore Sights is greater than the fum of 
the Back Sights, then e is lower than a; but if the 
fum of the Fore Sights is lefs than the fum of the 
Back Sights, eis higher than a: For example-fake, 
let the numbers be as in the following table. 
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Now follow fome obfervations well worth notice. 


I, If the fum of the diftances in taking the Back 
Sights, is equal to the fum of the diftances in taking 
the Fore Sights, all the minute errors of the inftru- 
ment will mutually balance and deftroy each other. 


Il. And if the diftances thus taken are fhort, the 
curvature of the earth may be rejected. For, if the 
diftance from the inftrument be every where about 
100 yards, all the curvatures in a mile’s work will 
be lefs than half an inch, 


III. If the diftances from the inflrument to the 
hindermoft ftaff, be every where equal to the dif- 
tance from the initrument to the correfponding ftaff ; 
the curvature of the earth, and the minute errors of 
the inftrument will both be deftroyed. 


IV. If the diftances of the inftrument from the 
ftaves, be very unequal and very long, the curva- 
tures mutt be accounted for, and the diftances, in 
order thereto, muft be meafured, either by pacing, 
by a chain, or a wheel. 


V. For the more ready allowing for the curvature, 
you may obferve, that the curvature for one mile, 
taken at one obfervation, 1s extremely near to 8 in- 
ches. And at all other diftances, itis as the {quare 
of 1 mile is to 8 inches, fo is the fquare of any other 
diftance to the allowance forthe curvature ; that is, 
Multiply the {quare of any diftance whofe meafure is 
taken in miles, by 8, and the product will give the allow- 
ance for the earth’s curvature, in inches: This curva- 
ture is always to be fubtraGted from. the numbers 
taken off the ftation ftaff. Or if the diftance be lefs 
than a mile, and taken by the four pole chain: Square 
the 
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the chains, cut off 2 places to the right-hand, and divide 
thofe to the left by 8, and the quotient fhews the inches 
and parts of inches to be allowed for the curvature. Sup- 
pofe the diftance be 30 chains ; then the {quare of 
30, that is, 900, when 2 places are cut off, ives 
g,00 or 9, which divided by 8, gives 1 inch and 
125 thoufandth parts of an inch, 


VI. If thefe diftances were taken by pacing, ac- 
counting 25 to the chain, the curvature may be 
found thus ; Square the paces, and double it, cut off 
6 places to the left-hand, and thofe to the right are the 
inches of curvature: So, if the paces were goo, then 
from 810000 multiplied by 2, that is, 1620000, cut 
off 6 figures, and you have 1.62, the curvature to 
be allowed, To fave the trouble of continual calcu- 
lations you may ufe the following table, wherein the 
diftances are in chains, and the allowance in inches, 
and 1ooth parts of an inch, 
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Allowance 
tadliges.© Chain 
0,00125 27 
0,005 28 
Q,01125 29 
0,02 30 
0,03 21 
0,04. Rene 
0,06 B2 
10,08 34 
}o.10 25 
jas 36 
/ O,15 37 
0,18 38 
0,21 39 
0,24 | 40 
0,28 | 45 
0,32 | 50 
0,36 55 
0,40 60 
0,45 65 
0,50 JO 
0,55 75 
0,60 80 
0,67 85 
0,72 go 
0,78 95 
0,84. 100 








Diftan. Allowance 


ee 


Inches 


0,91 
0,98 
1,05 
1,12 


1,19 


1,27 
1,35 
1,44 
1,53 


1,62 


1,71 
1,80 
1,91 
2,00 
2,28 





3,12 
3578 
4.50 


533% 
6,12 





7293 
8,00 
9:03 
11,28 
12,50 































VII. Therefore it appears, that the beft method 
to take a level, is to meafure the feveral diftances 
from the inftrument to the back and forward ftation 
ftaffs ; and enter them in the field-book, according 


to 





to the titles of their feveral columns, as in the fol- 
lowing example; and correct the heights from the 
table of allowances ; which may be done at home, 
when you are about to fum up the heights, 


Laftly, Though hitherto we have confidered the 
level with one telefcope only, the fame obfervations 
may be applied to a level with a double tclefco; Ope 5 
and I would advife thofe who ufe the double tele- 
{cope, at every flation to turn that end of re tele- 
{cope towards the fpring, which, before was the con- 
trary way. 













































































Backwards, Forwards. 
Diftan. Height | Corre@ions Diftan, Height | Corre&tions 
Links Inches Inches Links” Inches] "Inches _ 
RIO mea, 251 3524 | 418 | 4,36] 4,34 
430 | 6,10; 6,08 gaa ye gk Ot eng, 
750 | 5538] 5,31 | 289 | 9,75) 6,67 
584 72254 7222 3 9553; 9,50 
226 O15 O14 4595 | 11,25, 11,22 
658 | 10,25 | 10,20 376 8,05 | 8,63 
RIOU; 0532]. .0,529 720 12g ha38 
3058 4.0547 3140 57581 
3146 | | 26,47 
68,04 11,24 


So that the fall in 68 chains ig about 11 inches 
and + of an inch, 
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Si CO a 
Of CoLtours, 


T ts not worth while to fpeak of the preparation 
I of colours, becaufe they may be had ready pre- 
pared, at almoft every colour-fhop and fan-painter’s, 
(sc. Nor to mention but as many as are neceflary 
and moft fit for the furveyor. I judge thofe to-be 
the beft, which are moft tranfparent. 


And for portability, I think liquids improper ; 
therefore’ would rather chufe thofe colours, which, 
before tempered, are dry ; whether in powder, or in 
Jumps: And fuch as require no other liquid to mix 
with them (than what is to be had every where) viz. 
fair water. 


For Gum Water, with which many colours are 


mixed, is made by barely fteeping Gum Arabick in 
fair water. 


Carmine, apowder, mixed with Gum Water, is a 
beautiful red; may be fhaded with fome of the 
fame, mix’d ftronger ; or with any reddifh brown, 


or any fadder red. 


Carmine is chiefly ufed for drawing of red lines to 
reprefent the walls of gardens or other places; and 
alfo to colour the plans of buildings, 


Ultramarine, a powder, mixed with Gum Water, 
is a moft valuable blue, fic to fhew ponds, lakes, 
rivers, 
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rivers, €8c. it may be fhaded with Ludigo Corus 
cround with fair water on a white tyle, by the pref- 
fure of a knife’s-point, and then mix’d with Gum 
Water. 


Red chalk, a lump, fometimes called French 
Chalk, ground by rubbing it on a tyle with fair wa- 
ter, and afterwards with Gum Water, flightly laidon, 
is proper to reprefent roads and pits; and is fhaded 
by itfelf more itrongly mix’d., 


Sap green, fteep’d in water, is of itfelf a good 
ereen to colour trees. 


Verdegreece, in lumps, diffolved in vinegar, or in 
water, makes a greenifh blue, or fea-colour, very 
tran{parent. 


Gumbooge, in lumps, fteep’d in fair water, pro- 
duces a beautiful and tranfparent yellow. 


Yellow berries, fteep’d in fair water, a yellow. 


Verdegreece diffolved, mixed with Gumbooge, or 
yellow berries, in different proportions, produces 
different greens, inclining either to the blue or yel- 
low, according to the quantities of either ufed, 


Indian ink is ufed in drawing the firft lines of a 
draught, and in fhading of hills and defcending 
grounds: A proper quantity of it may be liquified 
when wanted, by putting a few drops of water on a 
cake, and rubbing it with the finger until the colour . ay 
is as deep as defired, = 8 


But there muft be care taken in the ufing of In- = 
dian ink ; viz. to have three or four different tints 
of colour prepared, of which the fainteft is to be 

fist K 2 laid 
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laid on firft, and fo proceed to the deepeft tint ; alfo 
hot to cover too great a fpace at once; for if the 
margins are not fpeedily wafhed off, the ink will 
dry in ftreaks and fpots, and look very ill. 


Colours, are laid on with hair-pencils ; thofe fit 
for ete ufes, are about the fize of a common writs 
ing qui! and the length of the hair, without the 
quill, not to exceed 6 of 7 tenths of an inch: In 
choofing them take fuch only as, when wetted either 
In your mc aie or in water, will, by ftroaking them 
actos youn finger, form a fine point, and are very 
{pringy: And as mot pencils have a hair or two at 
their eat t longer than the reft, thefe may be taken 
off, by cently - drawing the point, when the hair is 
wet, once thro’ the border of the flame of a candle, 

ee: the ufing of thefe pencils, it will be found con- 

ent to have them fixed on fmall fticks about 6 
inches long, one on each end; whereof one is to be 
ufed with colour, and the other with fair water, to 
lighten the margin of the colour, whereby it is in- 
fenfibly graduated till it vanifhes into the colour of 
the paper. 


All colours are fhaded by others of the fame 
fort, but of a ftronger tint: and the manner in 
which je are ufed with the moft facility and fuccefs, 
is better gained by practice than by precepts, 






















































A farther ufe of ihe Theodolite (as now improved) ; 
conjointly with the ufe of a Sliding-Rule aptly di- 
vided ; to meafure timber, either round, or hewn to 
a fquare, or unequally fquared. <Alfo how to allow 
for afcents or defcents by finding the borizontal 
lines. 


HE principal difficulty. in ufing this Sliding- 

Rule, is, in juftly diftinguifhing the value of 
each divifion. And in order to this, it may be ob- 
ferved, that the divifions on this rule, may be di- 
ftinguifhed into three orders, &¢. the longeft, the 
mean, the fhorteft. And thefe different marks di- 
ftinguifh their value in a ten-fold proportion, in the 
fame manner as the places of a number is diftin- 
suifhed. 

So that, if the longeft reprefent hundreds, the 
mean will reprefent tens, and the fhorteft units. 

And if the longeft reprefent tens, the mean will 
reprefent units, and the fhorteft tenth parts. 

Alfo, if the longeft reprefent thoufands, the mean 
will reprefent hundreds, and the fhorteft tens; and 
in this cafe, the units muft be eftimated by the eye, 
in judging at divifions, only fuppofed to be drawn, 
becaule there is not room enough. 

The longeft divifions are generally numbered by 
the figures 1, 2,3, 4, 5, €9c. and when they are 
DUtDeTCCLILS, Ia) 2.4 2dr 0507518, 05.1, 2. 95 
4, 5, 6, 7, 8,9, 13 the line is called a double one. 
And when the longer divifions are in number only 
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ten, and numbered 1,2, 3, 4, 5, 6,7; 8, 9, 13 OF 
numbered 5, 6, 7, 8, 9, 10, 20, 30, 40, 503 Or 
broken fo as to begin at any other number, fo as to 
contain only ten long divifions ; the line is called a 
fingle one. And thefe are called Gunier’s lines, from 
the name of their author. 

But we may obferve, that although thefe divifions 
reprefent equal diftances ; yet, from their ufe, they 
cannot be fo. Nor will they be eafily capable of 
an equal number of divifions, in different parts of 
the rules; either of mean, between the longeft, or 
of the fhorteft between the mean. 

But in order to make this eafy, here follows an 
explanation of the divifions laid down on the Foot 
Sliding-Rule, which may eafily be applied to other 
rules cf greater length ; where the multitude of the 
intermediate divifions may be greater. 

On the flider are two of thefe double lines, both 
alike; one of which moves againft the fixed line a- 
bove, which is alfo exactly like to either of the 
other; and the undermoft line on the flider moves 
againft a fingle line, beginning with the numbers 5, 
6, &c. and going on to 50. 

If the firft 1 be called an unit, the following num- 
bered divifions, till you arrive at the middle 1, will 
be units. And the mean divifions will be tenth 
parts. 

If the firft 1 be called ten, the figures 2, 3, 4, &e. 
immediately following it, will denote 20, 30, 40, &e. 
And the mean divifions, that is, the next longeft in 
order, will denote units ; the fifth of which is, for 
diftinétion, made longer than the reft. And from 
10 to 20, between each of thefe mean divifions, the 
fhorteft denote each two tenth parts; becaufe the 
diftances between the mean divifions, are divided 
into five parts; but if the diflances between thefe 
mean divifions were divided by fhorter lines into ten 
parts, 
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parts, which is feldom done on rules foe fhort, each 
would reprefent one tenth part. 

In like manner from 20 to 30, that is, between 
the divifions marked 2 and 3, the fame order fol- 
lows ; fave that the diftances between the mean di- 
vifions (becaufe of their nearnefs to one another) are 
divided into two parts only ; and confequently each 
of thefe fhorteft divifions will denote five tenth parts ; 
and the eye muft eitimate the other tenths not cut, 
but fuppofed to be cut between them: tho’ in larger 
inftruments, even here, and elfewhere, the fhorteft 
divifions may be as many as thofe between the ro 
and 20, 

This laft multitude of divifions, ufually continues 
to 40, 50, or perhaps farther, and are to be read as 
thofe between 20 and 30. 

But where the longeft divifions become clofer to- 
gether, as generally they do, between 80 and go, 
and between 90 and 100, which, on the fcale, is 
denoted by the digits 8, 9, 1, there are but two or- 
ders of fub-divifions ; the greateft ftill keeping the 
fame degree, and the other the next lower degree. 
And in this one example, the figured divifions de- 
note tens, and the other units, 

But when the firft 1 is called 100; then the fi- 
sured divifions will be accordingly 200, 300, 400, 
€3¢, The mean divifions, or thofe the next fhort- 
eft, will denote tens. The fhorteft between 100 
and 200, where the diftance between the tens is di- 
vided only into five parts; I fay, the fhorteft here 
will denote two units each of them ; and the middle 
between thefe, will denote the fingle units ; which, 
if there had been divifions, as in large inftruments, 
would have been denoted by thofe divifions. 

But from 200 to 300, from 300 to 400, and from 
400 to 500, the diftances of the divifions reprefent- 
ing tens, are divided only into two parts, and con- 

fequently, each ef thefe fhorteft divifions muft re- 
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prefent five units; and all other units, either more 
or lefs than five, muft be eftimated by the eye, by 
fuppofing each of thefe diftances cut into five parts. 
Neverthelefs, in larger inftruménts, thefe divifions 
may be cut and eftimated as before fhewn. 

Towards the latter end of the line, the divifions 
on thefe fhort lines are fo near together, that they 
{carce admit of three orders of divifions, and con- 
fequently (fuppofing the longer divifions to denote 
hundreds, as in this example) the units mutt be efti- 
mated by the eye. 

And in like manner, if the longer or figured di- 
vifions denote thoufands, the lines of leffer length 
will denote hundreds, the next inferior, tens, €¥c. 

But becaufe, by infpection, on this rule it will 
appear, that more than three places cannot be di- 
ftinctly eftimated ; and, that thofe are fufficiently 
exact for all the ufes it is defigned for; a farther di- 
vifion, and confideration thereon, are omitted. 

If the firft 1, that is, the beginning of the firft 
line, denotes a unit ; then the middle 1, or begin- 
ning of the fecond line, denotes 10, and the laft x 
denotes 100. 

So, if the firft 1 denotes 10 ; the fecond 1 denotes 
x00, and the lait 1000. 

In like manner, if the firft 1 denotes 100; the 
fecond denotes 1000, and the laft 10000. 

And fince, when the value of the firft 1 of any 
Jine is known, the value of the other figures and 
divifions are known alfo ; therefore the Jatter line is 
to be read by the former directions, And thus are 
thefe three double lines to be read, as has been 
fhewn, for the former. 

But the fingle broken line, which is on the fixed 
part of the leg of the rule, is not to be confidered 
in this arbitrary manner. 

For the longer divifions have affixed to them their 
values, which ought to be confidered as unvariable, 
unlefs 
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unlefs in fome particular neceflities hereafter to be 
taken notice of. 

From the beginning of this line, to the divifion 
marked 10, the diftances of the longer divifions, 
which are numbered 5, 6, 7, 8, 9, 10, are divided 
into 10 parts, by mean divifions; and therefore, 
thefe mean divifions denote tenth parts. fans thefe 
mean divifions are each fubdivided by one fhort line, 
each denoting therefore hai f of one altel 

From 10 to the end of the rule, the diftances be- 
tween the longer divifions, are each divided into 10 
parts ; and therefore eac h denotes units. And the 
diftances between the units are each divided into 4 
parts ; therefore each Aciotes one fourth part of an 
unit. 

In the double lines, let the diftance Sania the 
rat the beginning, and the 1 in the middle, be 
called the farft fcale ; and the Bree between that 
in the middle, and the 10 at the end, be cal led the 
fecond fcale. The uppermoit of thefe double lines 
is marked with the letter A, the next Seichen B, the 
third with C; and the undermoft, which is alfo 
called the girth-line, with D. 

On the lines A and B, in the fecond feale, there 
are placed the {mall figures **, denoting an index 
fixed, tho’ the value of the divifions fhould vary 

And, on the girth-line, againft 12, is generally 
a hand or index for the |i ke ufe. 

The two upper lines are generally ufed for cafting 
up the furfaces of planks, 

The two under ones for finding the folidity of 
timber. 

Having thus far defcribed and explained the read- 
ing of this rule; I fhall proceed to fhew its ufe in 
meafurin ng planks and timber. But fhall firft thew 
the cuftoms ufed in taking their dimenfions. 
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Lado And firft for planks ; the buyer hath the liberty 
of meafuring the dimenfions on that fide of the 
plank he judges moft advantageous to himéelf. 

Then the length is meafured either with two two- 
feet rules, or two-feet rules, and five or ten-feet 
rods. 

The length is meafured in feet and half feet, and, 
in fome places, to quarters of feet. 

Then lay half this length from the upper part, 
down towards the butt-end; where, with a piece of 
chalk, make a mark, 

At that mark, or nearer the butt-end, if the buyer 
think it to his advantage, is taken the breadth, in 
inches and half inches. 

If one fide be wainy, the breadth is taken to the 
middle of the wain. 

If both fides are wainy, one wain is meafured, 
| the other rejeéted ; and either of them as the buyer 

| thinks fit. 

Having thus got the length and breadth ; call the 
firft long divifion on A, and alfo on B, each an u- 
nit, ‘Then fet the index on B, againft the breadth 
in inches on A, and againft the length in feet on B, 
will ftand the content in feet on A. 


EX A.M: Pie 


Let there be a plank, whofe length is 24 feet and 
a half, and breadth 17 inches and a half; I demand 
the content ? 


Set the index (or 12, in the fecond fcale) on B, 
again{t 17 inches and a half on A, and then again{t 
24 feet and a half on B, ftands 35 and nearly on 
A; which is the meafure of the plank required. 

But when the feet, in length, on B falls beyond 
the end of the line A, then call the firft z on A, 
a ten, and work as before fhewn, 


E X- 


A Mah Raed Aare ee Be 





























EX AM PLE. 


at plank be 45 feet and a half long, and 39 
inches broad, what is the content ? 


Set the index (or 12) on B, againft 39 on A, and 
45 and a half on B, will fall beyond the upper end 
of A. 

Therefore fet the index on B, againft 39 on A, 
taking in the firft fcale of A, becaufe the 1 on A is 
counted ro ; and then, againft 45 and a half on B, 
will ftand 148 on A, the content required. 

Thefe are all the varieties which happen in plank 
meafure. 

But notice may be taken, that from this content 
muft be fubtraéted as much meafure as will ballance 
all the vifible faults: and this is generally left to the 
judgment of the two meafurers, and generally done 
before the contents are entered in the accounts, or 
indeed, before you pafs to another plank. 

here are fome differences in the cuftoms of dif- 
ferent countries, tho’, for the moft part, the fore- 
going are the moft generally ufed. 


The cuftoms generally ufed in taking the dimen- 
fions of timber, are not much different from thofe 
ufed for plank. 

For the whole length is firft taken in feet and 
halves, then the middle is found and chalked, where, 
or nearer the butt-end, according as it is the buyer's 
advantage, the flick is eirthed with a fmall line, 
which is exaétly quartered by twice folding; this 
quarter is meafured in inches, halves, and quarters. 
And if the tree’s bark is not peeled, as always hap- 
pens in ftanding timber; then from the foregoing 


oirth muft be made an allowance for the bark, which 
is 
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is ufually thus: for trees girthing one foot, allow 
one inch, and fo proportionally for all others. But 
for beech, elm, afh, and fuch as are thin barked, 
the allowance muft be a fmall matter lef, 

It is alfo to be obferved, that, a ftick is not called 
timber farther than it will hold half a foot girth, 
Alfo, that if there be any confiderable arms which 
hold half a foot girth, they are alfo called timber, 
and meafured as fuch. 


CoA S Eat. 


Having thus taken the length in feet, €%¢. and 
quarter girths in inches, &¥c. fet 12 (the index) on 
the girth line, to the length on C, and then againft 
the girth on the girth line, is the folid content 
on C, 


EX: A:-M-P beet 


Tet a tree be 24 foot and a half long, and its 
quarter girth 17 inches and one fourth ; to find the 
folid content : 


Set 24.and a half on C, againft the index on D, 
the girth line; and then againit 17 and one fourth 
on the girth line, ftands 50 three fourths on C, the 
folid content of the ftick 


CASE IL 


When, by the foregoing direétions, the rule is 
fet, and the girth on the girth line is beyond the 
upper end of C; call the firft 1 on C 10; and then 
work as before, 
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EXAMPLE IL 


Let a tree be 30 inches girth, and 40 foot and a 
half Jong ; to find the foli idity : 

If you fet 40 and a half on C, againft the in- 
dex on D, then 30 on Dis beyond the upper end 
of C, 

Therefore, calling the firft 1 on C 10, fet 40 and 
a half on C, to the index on the girth line D; and 
then againft 30 on D, will ftand 253 on C, the fo- 
lidity required. 


Cote S. baat, 


When the girths on D fall fhort of the lower end 
of C; call the middle one on C, a unit; and then, 
all the figured divifions, below the middle 1, will 
be tenth parts of feet ; then work as above. 


BXRAMPLE HI. 


Let a ftick be 3 foot long, and 6 inches girth; 
to find the folid content ; 


Aceounting the middle 1 on C an unit, fet 3 on 
C, againft the index on D; and then, againft 6 on 
D, ftand 7 tenths and a half onC; the folidity re- 


quired, 
BUX ANU Ee are 
Let a ftick be feven foot and a half long, and < 
girth four inches ; to find the folidity : ma 


Set the index (12) on D againft 7 and a half in <i 
the fecond fcale on E; then againft 4 on D ftand aN 
2 8 tenths Be, 
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8 tenths and a third on C: fo that the folidity is 
8 = part in ro of one foot. 


N. B. Tho’ this is not what is called timber, yet 
fince alders and other fhrubs, ufed by turners and 
others, are often meafured, be they never fo fmall ; 
T thought it proper to infert fome examples of this 
kind. 

In the three foregoing cafes, the girths of the 
flicks fell on the girth line C, without any arbitrary 
alteration of the values affixed to the divifions; 
which fixed values are abundantly fufficient for com- 
puting the folidity of moft fticks ufually to be met 
with, if the fingle line C be advantageoufly broken. 
For, if a perfon defigns his rule for the meafure of 
timber only, that is, fuch as never girths lefs than 
fix inches; then the girth line beginning at fix, will 
run to fixty inches: above which, few fticks will 
out-run. But if he defigns to meafure alders, fhrubs 
and {mall things, €¥c. often meafured by turners, 
wheelwrights, and other artificers, ufing this {mall 
ftuff, the beft way is to have the line C broke, and 
to begin at 1 and a half, or 2, and end at 15 or 
20, according to the fize of the ftuff they moft deal 
in. 

But that the line, as ufual or occafionally broken, 
may ferve for the computing of common timber, 
timber extraordinary large, out-running the girth 
line, and alfo for fhrubs and fmall twigs; it may 
not be amifs to confider the following directions and 
examples. 

And in the firft place, we will enquire into the 
ufe of the rule in computing the folidity of fuch 
large flicks, as out-run the affixed values of the di- 
vifions on the girth line. 

For which obferve, that the length of a ftick al- 
ways to be found on the upper end of the line C, 
is to be fet to the index; the divifions on the girth 

line 
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line numbered 6, 7, 8, &c. are to be accounted 60; 
70, 80, &c. and that, in eftimating the folidity of 
the ftick, the divifions on C are to be eftimated by 
100 times the value arbitrarily taken thereon by the 
Jeneth: that is, if the fecond fcale of C be called 
units in the length; then, in the folidity, the fame 
upper part fhall be called hundreds, and the lower 
fcale tens: in like manner, if the upper part of C 
be called tens in the length; then, in the folidity, 
the upper part fhall be called thoufands, and the 
lower part hundreds. 


EXAM BPE EV, 


Let there be a ftick, whofe length is twenty-five 
feet, and girth forty-fix inches ; and let forty-fix be 
above the upper end of the girth line: to find the 
folidity. | | 


Then fet twenty-five in the fecond fcale of C, a- 
eainft the index on D; and then againft (4 and 6 
tenths on D, which in this cafe reprefents) 46 inches 
the girth, ftands 367 foot on the firft fcale of C; 
eftimated according to the preceding directions, 


EXAM ELE YI. 


Let there be a ftick, whofe length is four feet, 
_and girth forty-fix inches ; and let forty-fix be above 
the upper end of the girth line: to find the foli- 
dity. 


Set 4 in the fecond fcale of C, againft the index 
on D; and then againft the girth 46, on the lower 
part of D (which, in this cafe, will be reprefented 
by the affixed value, 4 and 6 tenths) flands 59 feré 
on the lower part of C, eftimated according to the 


preceding directions, 
For 
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For very {mall fticks, whofe girth falls below the 
beginning of the girth line D; obferve, that the 
leneth of the flick ‘al ways to be found on the firft 
fcale of the line C, is to be fet to the index; the 
divifions on the girth line numbered 10, 2 O, 30, Se. 
are to be accounted only 1, 2, 3, &c. And that efti- 
nating the  folidity of the ftick, the divifions on C 
are to be eftimated by the rooth part of the value 
arbitrarily taken thereon by the length ; that is, if 
the firft fcale of C be called units in the length, then 
in the folidity, the fame lower part fhall be called 
hundredth parts only; and the upper end tenth 
parts. But if the lower end of C be called tens in 
the length, then, in the folidity, fhall the fame lower 
part be called tenth parts, and the upper end units, 


EXAMPLE®* Vit 


Let a ftick be fifteen feet long, and let its girth 
be three inches; and let three be below the lower 
part of the girth line: to find the folidity. 


Set 15 feet, taken in the firft feale of C, to the 
index on D ; and then againft 3 (which, in this cafe, 
will be repre fented by 30) in the upper part of D, 
ftands the folidity 9 tenths of a foot, and a quarter 

ter 
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ni 
EXAMPLE VIUI., 


Leta a ftick be three foot long, and let its oirth be 
two inches; and a two be belie the lower part of 
the girth line: to find the folidity. 


Set 3 foot, taken in the firft {Cale or lower end 
of C, é the nae on D; and then againft 2 (which, 
in this cafe, will be reprefented by 20) i in the upper 
part 
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part of D, ftands the folidity, eight hundredth parts 
of a folid foot, and fomething more. 

In thofe. places where the cuftom allows the taking 
the length to minute parts of a foot; or when the 
Jeneth is lefs than one foot: take the dimenfiens in 
feet, and decimal parts of feet. 


Thus much for round timber; but when timber 
is hewn to that form which is ufually called fquare, 
tho’ at the fame time there is moft Somneny four 
wanes ; the cuftom is to take the length, and find 
the middle in the fame manner, and mite the fame 
allowances as were obferved in Tound timber; and 
then, in this middle, either with a pair of callipers, 
or the edges of two rules applied to the flat faces, 
to take the breadth and goet of the ftick. Baer: 
to add the breadth and depth | together, and to ufe 
halt their fum, as you before did the quarter girth 
of around ftick, 


EX ArMeP LE. 
Let a ftick be twent ty. five foot long, fourteen 
inches broad, and twelve deep: to find ‘the folidity 
according to this cuftomary method. 


Becaufe 14 and 12 give 26, whofe half 1s 13, 
25 on C againit the index on D; and then againft 
.13 0n D, ftands almoft 29 foot and a half folid. 

And tho’ this cuftom makes the ftick fomething 
more than in fact it is, by adding the breadth and 
depth together, and taking their half for a girths 
yet, in a whole tree, only hewn to a {quare, the 
difference is fo very fmall, that the cuftom may be 
admitted. 

For in this example it may appear by the pen, 
the folidity thts 1s 292 foot’; and the true 
all of the fame bignefs, and 
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without wanes, will be 29 =%-, differing from the 
former only $2,, or % of a foot folid, 

Neverthelefs, in {ticks whofe breadth differs very 
much from the depth ; the error is intolerable, and 
ought not to be admitted. 

For, Jec there be a ftick 25 foot long, 20 inches 
broad, and 6 inches deep; then, by the cuftomary 
way of adding the width and depth together, the fo- 
lidity will, as ; Before! be 29442, foot; but the true 
aed will be only 20 435: and fo the error is 

23, foot, almoft a third part of the ftick. 

For the ready management of fuch timbers, there 
may be placed on the other leg of the rule, another 
flider ; having the fliding part and the upper fixed 
line, exactly the fame as in thé former leg; but on 

the other fixed part, a double line of the fame ra- 
dius with the former, but broken and inverted, And 
as the lines on the former leg were diftinguifhed by 
the letters A, B,C, D, fo the lines on the latter are 
noted by he eunts E, F,G,H. And as the divi- 
fions on the Imes A, B, C, were mtirely arbitrary, 
fo the lines E, F, G, are alfo intirely arbitrary. And 
on the line H, which is inverted, and beginning at 
z and a half, and running on ta 150, the values 
annexed to the divifions, may be varied, or remain 
unvaried, But on the line E being direct, begin. 
ning at $, and running on to 100, the values an- 
nexed to the divifions, may be coniftant. 

The line H, I-call the cept line ; the line G the 
breadth line; the line E, F call the leneth line, and 
F the content line. 

The ufe is fo fhort and fo eafy, that, in a few 
W ords, pat two Of three examples, it will be plain. 

For, fet the breadth on G, again{ft the depth on 
Fi, and then the length on _E will ftand againft the 
folid content on F, 
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Lt the flick be that of the laft example; where 
the length was 25 foot, breadth 20 inches, and 
depth 6 inches. 

Set the breadth 20 on G, againft 6 on H; and 
then, againft 25 on E, will ftand on F almoft 24, 
the folidity required. 

And, to avoid confufion, remember, that what- 
foever is the value of the divifions on G, the fame 
fhall be the value of the divifions on F. That is, 
if the former divifion on G be units, and the latter 
tens, then the former divifion on F fhall be units, 
and the latter tens. And if the former divifions on 
G be tens, and fo the latter hundreds ; then the for- 
mer on F fhall-be tens, and the latter huadreds. 

If the length on E. falls beyond F, call the for- 
mer divifions on F, tens, and the latter hundreds. 

If the length on D falls fhort of F, call the for- 
mer divifions on E tenth parts, and the latter units. 


SS, Si eG Nt occa weal 


Let a ftick hewn to unequal fquare fides, have its 
length 46 foot, its breadth 30 inches, and its depth 
20 inches; then, when 30 on G is fet againift 20 
on H, 46 on E will fall beyond the line F’; there- 
fore call the former divifion on F, tens; and then 
fet as before, and againft 46 on FE, will fland 191 + 
on F, which is the folid content. 

The fhell, or flitch of timber, is readily caft up 
by this rule; for,'take the breadth on the flat fide 
in the middle, and one half the depth in the mid- 
dle, and work with the length and thefe, as tho? it 
were a fquare ftick, and you have the folidity fut- 
ficiently near. 

It is indeed true, that this is lefs than the true 
folidity ; but in regard of its value it is thought 
enough, < 
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Let there be afl itch, whofe length is 30 foot, 
breadth 16 inches, and depth taken. in the middle 
inthes. Set 16 upon G to 2 uponH, and a- 
paint | 30 on FE, dads on F' 6 foot and two thirds, 
he folidity required, 
The fawyers meafure is done by one fetting of 
this rule. 
For fet the number of kerfs or cuts on G, to the 
breadth of the boards on H, and againft the length 
of the flick on E, ftands on F the Imnceede of Feet 
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EXAMPLE, 


Let a ftick, whofe length is 30 foot, breadth 22 
inches, and depth 20 inches, be .fo cut, that each 
board, with the wafie of the faw, may be 2 inches; 
that is, if it be cut parallel to the breadth, we thall 
have ten ghee and fo g cuts or kerfs, and the 
breadth of each board will be 22 inches. 

Set g on G againft 22 on H, and then againft 30 
on EF, ftands 4.12 on F, that is, 4 hundred and 12 
hundredth parts of 120, or another hundred, 

Any plank or board, whofe value is expreffed in 
pence per foot, may be caft up by this rule at one 
flip, without know) ing the meafure of it, 


EXAMPLE. 


A plank of walnut-tree is fold at 2s, gd. or 33 
pence per foot, its length is 30 foot, its breadth 26 
inches and a half. 


Set t he 


z L 1 we 
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rice in pence, 33 on G, againft 26 and 


I 
Hi, and then againft g0.0n E, ftands 182 
on Fy, and a little more ; that is, 182 fhi illings, or 


pounds and 8 thillincs 
9 pounds and 2 NILINGS, 
« 4 - 





























Tt may be obferved, that this fliding rule is fuf- 
ficiently exact, and very ready for cubing ftone ; S 
provided, that the two fhorter dimenfions are taken ss 
in inches, and the longer in feet, and decimal parts of 
feet. 

Alfo, that it may be applied to the cubing in 
feet, any folid in form of a parallelipipedon, whofe 
content doth not confift of more than 3 places. 

And if a line be properly broken, and put on in- 
fiead of H, it might be applied to digging, Ee. 

Or if the line H did-flide as well as G, it micht 
be applied to the meafuring of all forts of paralleli- 
pipedons, by one fetting of the rule, whether-the 
anfwer be required in feet, or yards, or rods, &¢. 


It remains to fay fomething concerning the efti- 
mation of the meafure of timber flanding. 


And, firft, we may obferve, that, if we can 


Cror 
eo 
the dimenfions, the manner of computing, after an 


allowance for bark, is that already laid down. 

But fince we cannot always get all the dimen- 
fions, we muft take thofe we can et at,-and..efti- 
mate the reft. 

And, firft, we may obferve, that the dimenfions 
in a tapering flick, which runs beyond timber, may 


, 3 Adiay 
be had thus: Girth the ftick breaft-high; to an 8th 
part of this girth, add three inches; and the fum 
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leffened by allowance for bark, will. give the girth 
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in the middle. And for. the length,. meafure, from 
the ground fo high as the tree runs timber, and then 
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from this deduét an inch for bark, and there will be 
left 11 inches; which, with the length 40 foot, gives 
33 foot and a half for the folid content. 

When the taper {tick does not out-run timber at 
the top, the whole girth, at top, fhall be added to 
the whole girth breaft high ; and an 8th part of this 
fum fhall be the girth in the middle ; which, after 
an allowance for bark, fhall be the girth to be ufed. 

The vfual way of eftimating the height of the 
tree, is, by applying to it a ten or twenty foot rod, 
and flanding at a convenient diftance, and compar- 
ing the rod with the tree. 

But the moft certain method is by the Téecdolite, 
as now improved, thus: Meafure from the tree with 
a ten-foot rod 100 foot, level the Tbeodolite, and 
direct the telefcope to the top of the tree; and then 
fhall the telefcope cut on the vertical arch (if the 
ground, from the tree to the inftrument, be nearly 
upon a level) a certain number of fect; to which, 
if you add the height of the telefcope, you will 
have the height of the tree. 

But if the ground, from the tree to the inftru- 
ment, be not quite level, then direct the telefcope 
to the top of the tree, and note the feet ‘cut by the 
telefcope ; and then direct the telefcope to the bot- 
tom of the tree, and note the feet there cut. 

And if one of thefe numbers, of feet be above 
the level, and the other below, then their fum is the 
height of the tree; but if both are above, or both 
below, then the leffer taken from the greater, will 
give the height of the tree, without any other cal- 
culation. 

When the ground, from the tree. to the inftru- 
ment, is very fteep, take, with your off-fet ftaff, 
or five-foot rod, the height of the inftrument above 
the ground, and at the fame height on the tree a- 
bove the ground the tree flands on, make a mark, 
Direét the telefcope to this mark, and it will cut on 
the 
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the vertical arch among the divifions of reduétion, ip 
fhewing the difference between the hypothenufe <i f 
and bafe, a number of feet which added to 100, uy 
will give the proper diftance to plant the inftrument 
from the tree 5 or, what is the fame thing, it fhall 
give a length on the afcent, an{wering to 100 
foot meafured horizontally, .very near. 

The inftrumest being’ planted at this diftance, 
work as before, and you will have the height of the 
tree correct, 


Having mentioned this vertical arch, and its ufe 
in taking heights, I will now proceed to fhew its 
farther ufes in furveying land. 


If, in coming up an afcent, or going down a de- 
fcent, as foon asthe inftrument is fet for obferving 
the angle; you look on the vertical arch among 
the divifions of reduction, you will find how many 
links, in every chain’s length, this hypothe nufal 
dine is‘to be fhortened, in order to get the horizon- 
tal line, which ought to be laid down in your plan, 
and muft be entered in your book. 

And thefe divifions of reduction are concentric 
with the divifions of altitude and depreffion, and 
alfo with the divifions of degrees. 

Laftly, if the diftance from the tree to the inftru- 
ment be confined ; then multiply the horizontal di- 
{tance in feet, by the feet given by the inftrument, 
and from the product, towards the right-hand, cue 
off two figures, and thofe to the left, will be the 
height of the tree in feet. 
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e ufe of the Theodolite, 2m drawing the per/peftive 


abel avance of any building without meafuring one: 


a 


i 


rySHIS will admit fome variety ; for either the 
a picture is fo ippofed to ‘be parallel to one of the 
fronts of the module or sn ania ; or elfe oblique to 
both; and then is either in a pofition affig oned, or 
in a pofition taken at pleafure, 

Firft, fuppofe the picture parallel to one of the 


fronts; then plant the inftrument and a ftaff at any 
equal diftances from the front, fuppofe 5, 10,. or 
15 feet ; and direct the oe to the ftaff, and 
the needle will point out the bearing of that’ front: 
to this age or fubtract go degrees, you will have 
the directing number 5 that is, the bearing of the 
line bérbenciealat to the front. 

Now plant your inftrument at the place, whence 
the original building is to be viewed. Bring the in- 
dex to the besinnine of the divifions, and. turn the 
whole inftrument about, till the needle points at the 
directing number; and then ferew it faft. Bring 
the tel efcop e to the beginning’divifions. in the verti- 
eal arch, and. level ¢ the whole inftrument : fo will the 
inttrument be duly feated and rectified for obferya- 


'S 
ind particularly of the ufe of 
this inftrument in drawins &> turn to the figures in 
Plate V, and raife up the draught P-K (Fig, 1.) per 
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pendicular to the plane of the leaf upon the 


Ww K, a hft up the plane A Y W (Fig. 2.) till it 
is perpendicular to both the plan of the leaf, and 


alfo to the draught PK; th the dr t 
ABW (Fig. 3.)*t mull it coinctles with AY W, and 
confequent! ly will be perpendicular to the plane of the 
leaf, and alfo to the draught PK ; fo will 
draughts A W, PK, be the two fronts of 
dule, reprefented to the eye. Lift up the 
aV (Fig 4) till it is perpendicular to the plane of 
the leaf, and it wili be the picture defigned to be 
drawn ; and will coincide with P K, the front of the 
module. Tis the point on the etound whence the 
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building is to be’ féen. Lift up ET, till the 


Powe E is pe pendicularly over the point T: And 
F is the eye of the fpectator, or the centre of the 
telefcope. Now if you conceive ftrait lines drawn 


from the eye at od to the ae points A, Ls D, 
€yc, in the module, they will meet the picture in 
the points a, b, €.-d: &Fe, ‘which are therefore the 


true appearances Ans 10fe origi nal points A, B, C, D, 
and aline drawn from ato b, will be the true ap- 

pearance of AB; and fo of all other lines: for 

rays of light come to the eye from the picture in ee 

very felf-fame direétion that they we wae have come 

from the original module, ‘Thus much by way of 

introduction, 
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Now, in order to draw the picture: 'Affien on 


you soeady ng board any point C, at pleafure, for 
i: e es ns yg wit ¥ | 2 
the centre of the pictur €; and craw CV the hori- 
} ree 2 Las 1 oa ee RA 
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‘ cr J : ] 
i 


+] 

hic i La ‘ rfo - Nn KF vate 

-{e two line ce all the parts of the build- 
> t a ea er i Pel" Th a pe 

ing are LO be | lai gd aqown DY their at parent ciitances 

fin them. 


Anrat ray hh a, - od) n tho pvp 7 Kernev dara A 
POlNL, WhENCE, A it tne iy GABWH £0 1PE CYC 1S PEv PENA 1CU lay 
ate S ~ 


io 


CART 





A er pee oe 





































( 154 ) 
to tbe plane of the pitture. The horizontal line is that 
which paffes thro’ the centre, and is parallel to the bo- 
rizon , and therefore 1s the common interfection of the 
piciure, with the plane of the ocular horizon. 


The principal line in thefe,draughts is, that coin, 
or that angle which is common to both the picture 
and the module ; and confequently every where pro- 
portional to the building it felf: and is the firft line 
to be laid down and divided ; which may be done 
thus: Let the example be as in the preceding 
fcheme. 

Dire the telefcope to the point P in the build- 
ing, and you will find the index on the horizontal 
plate of the inftrument cut 32 foot and a half, and 
on the vertical arch 25-foot; lay the latter above 
the horizontal line CV, perpendicular to it, from 

>to Xs and the former from C tox, Then, by 
help of the fquare, draw x P, X P perpendicular to 
CV, CS, wheace the perfpective appearance of the 
point P is found. 

In like manner may be found the perfpective ap- 
pearance of any point whatfoever, whether it be co- 
incident to both the module and picture or not. 

Deprefs the telefcope to W, in the building, and 
(in this example) it will cut on the vertical arch g 
foot ; which, becaufe you look downwards, lay 
from x downwards to W in the picture, and fo you 
have the true appearance of W. And confequent- 
ly, if you draw P W in the picture, you have the 
true appearance of the line P W in the building, 

If you elevate the telefcope to A’, in the build- 
ing, it will cut on the vertical arch 1¢ foot; which 
laid from x to A’ in the picture upwards, becaufe 
the point is above the horizontal line CV, will give 
the reprefentative of that point in the picture. And 
thus may every one of the points BY, C’, D’, &e. be 
laid down in the picture. 
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Direé&t the telefcope to K’ in the building, and 
you will find on the horizontal arch, that the index 
cuts 69 foot and a half; which laid from C to L, 
gives in the picture, the reprefentation of the 
point L’. 

Thro? L’, draw FE’ LK’ perpendicular to CV, 
and A’E, “BF, C’G’, €%c, parallel to it, thro’ the 
points A’ BC, We. and fo the coins, EK, and the 
tops and bottoms of the doors and windows may be 
limited in refpect of their heights. 

Direct the telefcope to Q, and it will cut on the 
horizontal arch 38 foot and a half ; which lay from 
C to Q’, and it will determine the appearance of QY 
In like manner may N’; and the jaumbs of the win- 
dows Q'N’, M O%7 be laid down. As alfo the other 
windows, doors, &&c. 

For the returned front a W, draw PC, WC, 
AO BGG GC, Di Cyasaed they will limit the 
heights of the parapets, facia’s, windows, fogs 

Dire& the telefcope to b, d, fh, €#e. and it will 

cut on the horizontal plate 16 foot, 17 foot and a 
half, rg foot and one third, &fc.----, which laid 
fom the vertical line XS, will give the breadths, 
reprefenting the piers and windows. 
The farne may be done for the chimneys and their 
returns ; or for any other lines, breaks, €fe. And 
fo the feveral parts of the perfpective appearance of 
a building may be drawn without meafuring, 

That this compendium of perfpective may be 
compleat, it may not be amils to lay down the ne- 
ceflary Theorems in the molt general manner poflible ; 
and herein I fhall ufe thofe terms which Dr. Brook 
Taylor hath thought fit to mention, they being more 

Wer 


comprehenfive than fuch as are ufed by the other 
writers on this fubject. 


Theor. 1. All the lines of any object (as in a mo- 
9 


dule or building) which are parallel to one another, 
and 
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picture ; will be reprefented by parallels 
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Theor. IY. All lines parallel in the module or 
building, which are perpendicular to the picture, 
will, if continued, run to the centre of the picture, 
‘Tho’ thefe parall els be or: be not, all in the fame 
plane. 


Theor. WY. All lines in the module or building, 
perpen dicular’ to-the plane of the horizon, will be 
m the pict ture, perpen idicular to the hor ivontal an 
And thefe three Theorems are fuficient] y vilible 
the precedin ng example. 


Theor. 1V. All lines in the module or buil ding; 
parallel to one an other, and to the t plane of the ho- 
Lie but oblique to the pict ure (as in the follow- 
ing example, ‘fee Plate VI.) will meet in fome one 
po int’ in the horizontal line CV.- Thus the paral- 
lel lines in the front Wa, meet in the point V 5 
and thofe of the front cae meet in the point Y. 

‘Phefe points Vand Y are (by Dr, Taylor) called the 
val iifhing points of thefe paralle Is, and by him are 
thus found ; 

From T, the point iH refenting the place from 
whence the building is to be vie wed, draw a line pa- 
rallel to thofé parallel lines in any front or face of 
the i ; and where it meers the eround-line SR, 
draw a line R Y perp endicul ar to S R, and its inter- 
fection Y with the horizontal line V Y, will be the 
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Theor. V. All the lines of an object which are 
li! 1€ another, but oblique to the picture, 
and not parallel to the plane of the horizon, will 
e cep by lines me eting in a vanifhing point, 

d by the i interfe ction of the picture, and a line 
4. drawn 
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drawn from the eye parallel to thofe parallel lines, 
But this vanifhing point will not be in the horizon- 
tal line, but either above it or below it. 


Theor. VI. The fhadows of all parallel lines made 


by the ‘pee of the fun’s ek will, on the 


ture, +a be Cette as In Theorem i or elfe meet 
at a point in the horizontal line, as in Theorem Il. 


Now, as in the former example, the centre of t the 
picture being determined, the parallels which were 
perpendicula ir to. it, and alfo parallel to the plane of 
the horizon, were, by the help thereof, eafily drawn ; 
fo in this example following, fince the vanifhing 
points are of no lJefs ufe to draw all parallels, I fhall, 
for this purpofe, fhew one general rule, wi ithout any 
exceptions; not in the geometrical manner fhewn by 
Dr. Taylor, but by the help of the new Theodolite, 
as now improvea by Tuo. Hearu, mathematical 
inftrument maker, at the Hercules and Globe, near 

Exeter-Exchange in the Strand, 

ma, the example be th: at cont: sane in Plate VI. 
where, as before, raife the draughts PQ, AY W, 
A B W. (AW Y HE ng wi ith A W B,) ») Fig. 


rm: ts 
REY and you have the module re eee to the 
eye; raife the drawing a C ) perpendicular to the 


plane of the leat™ bio ac na it is the plane of 
the picture defigned to be drawn ; but it is oblique 
to each front of the module: and the coin or angle 
rf 


P W is the only part of the module or building, 
which coincides with the picture. Raife up? TB, 


(Fig. 5.) as in the former examp ee :.and E| repre- 
fents the eye beholding the building or picture. 
Plant the inftrument and a ftaff in the line S W, 
which is the ground-line of the picture, or elfe at 
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equal diftances from it, that is, parallel to it. And 


TP ear ewe | iS Ne 






























a 
Was. 












oe de 


—— 








And 







at BE: 


wy 
‘\ 






ee 


or 


he 


a 


= 


( 158 ) 
find,'as in the foregoing example, the directing 
number. 

Plant the inftrument at your defigned ftation T ; 
and rectify it as in the preceding example. Aflume 
the centre C, on the drawing board, draw CV, 
CX, as before. 

Then lay down PW, and its feveral divifions 
A’, BY, 8c, and the two points a, b, as in the for- 
mer example. Draw Pa, and Wb, and produce 
them till they meet: fo fhall their interfection V be 
the vanifhing point fought. 

Ufe this point V as you did the centre of the 
picture in the preceding example; and then go on 
to draw the front aW as before. 

In like manner find the vanifhing point Y; and 
proceed to draw the front PQ. 

As to the pofition of the picture, fome perfons 
will have it parallel to a front, others parallel to the 
diagonal of the plane; others chufe rather that po- 
fition to which a line drawn from the eye to the 
common coin P W may be perpendicular to the plane 
of the picture. 

And in this latter, there is no occafion for the di- 
recline number, or the bearing of any front: for 
take T the {tation at pleafure ; bring the index to the 
beginning of the degrees on the horizontal piate, 
and turn the whole inftrument about till you fee 
thro’ the telefcope the coin P W, there fcrew ir fait, 
and level it; and proceed in all refpeéts as in the 
laft_ exainple. 
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The defcription and ufe of the Perambulator, or mea- 
suring wheel. 


HIS inftrument, as it is now made, confifts of 
a light wooden wheel fhod with a thin iron 
ring, the outfide circumference whereof is gg inches, 
or half a ftatute pole; a frame of wood of about 
three feet long, including the handle and the two 
cheeks, between which the wheel moves; alfo a box 
of about 10 inches diameter, containing a motion 
work ; on the face whereof are three circles, and their 
indexes or hands; arevolution in the fmalleft circle 
an{wers to the length of one gunter’s chain, a revo- 
lution in the greateft circle anfwers to one mile, and 
a revolution in the other circle anfwers to 50 miles. 
The circle of one chain is divided into 100 equal 
parts, fhewing the Jinks; that of one mile is divided 
into 320.equal parts, fhewing the poles; and the 
other circle is divided into 50 equal parts, fhewing 
the miles: So that the meafure of any diftance, run 
over by the wheel, will be exprefied in miles, poles, 
and links. 

The motion of thefe indices 1s produced by the ro- 
tation of the wheel, whofe axis, as it revolves, com- 
municates motion to the work in the box through 
a groove or channel cut in one of the cheeks, 

The length of the initrument, from the extremity 
of the wheel to the handle, is about four feet and’a 
half ; and its weight is about twenty-three pounds, 
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tion work of brafs: But it may be made much fhorter 
and lighter. 


To ufe the perambulator in the meafuring of diftances. 


Being well afcertained of the accuracy of each 
part of ~ the inftrument, open ‘the lid of the box, 


fet all the hands to the mark.o, or beginning of 
their refpective circles,. and fhut the box; then tak- 
ing the handle in both hands, drive the wheel before 


you, directing it towards fome fixed point; when 
the propofed diftance is run over, obferve the pofi- 
tion of each h land, and thefe being rightly eftimated, 
will give the meafure of that diftan nce, reckoning al- 
ways from the point on which the wheel re{ts, at the 
eginning and end, or the point perpendicularly un- 
der Ci he ie 
To find the diftance run over; obferve, firft, the 

mile index : 3 fecondly, the pole index ; ai thirdl ; 
the link index: If the mile index has not moved one 
divifion, the d liftay ance is lefs than.a mile ; then the 
pole index will fhew the whole poles, and the link 


index fhews the link ks above the even poles: But, if 
the mile index has moved one or more divifions, the 
dif 


iitance run will be fo many miles, and the over- 
plus poles and links will be fhewed by their re{pec- 


Example 1. Suppofe the mile index ftands_ be- 
_ SUPE 
I ( 


tween the beginning of its divifions and the Grft 
mark; the pole index at 221; and the link index 
ato; then the diftance run over will be 221 poles, 
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he mile index ftands be- 
tween the 2d and ath divifien ; the pole index be- 
tween the 184th and 185th divifions; and the link 
index 
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{ 161 ) 
index at its 67th divifion; then the diftance run 
over willbe 3 miles, 184 poles, and 17 links; the 
other 50 links being equal to 2 poles, are accounted 
for in the pole ‘circle: : 


When you have feveral fucceffive lines to mea- 
fure, or one great diftance, in the rout of which the 
Intermediate diftances of feveral places are tobe 
noted ; the three indexes may be fet at the begin- 
ning of their refpect circles, at the commencing each 

ew line or diffance 3. or, which is the better way, 
do not fet the indices anew, but let them continue 
to revolve, and note at each diftance the numbers 
fhewn by the indices; and thus the whole diftance 
pafied over in any given time will be at once fhewn ; 
then the intermediate diftances, which were noted, 
will be found, by fubtractine the numbers. entered 
in the field-book from one another. 


To this inftrument may be annexed two iron rods, 
which may lie clofe under the cheeks, and when 
wanted may be let down and ferve as legs, like thofe 
of a wheel-barrow :' Alfo'to the cheeks may be fixed 
two ftandards, which reaching above the wheel may 
fupport a crofs piece, whereon a Theodelite, or 
other. furveying inftrument may be fixed, whofe 
centre ftanding over the axle-tree, will always cor- 
refpond to the place where the line begins, and, con- 
fequently,; the trouble of ferting the head of the 
three legged ftaff over the ftation-flaff hole, will be 
avoided ; befide which, a furveyor ufing fuch an in- 
ftrument, will be benefited in the following par- 
ticulars, 


The tirefome repetition of ftooping with the chain 
or pole, will be avoided. 
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In the trouble of handling the arrows, their ac- 
count, and the difficulty of fticking them into 
hard gravelly or rocky ground, or into the ground 
when frozen. 


The expence of one, or both chain-men will be 
faved. 


There can arife no fuch errors as frequently hap- 
pen to the chain, fuch as its fwaying, yawing, the 
differéfice of pricking down the arrows, or the di- 
verfity in the lengths of chains. 


The length of a days journey may be meafured 
without keeping any account, till the end. 


In taking the angles of elevation or defcent, the 
Theodelite always ftands at the fame height from 
the ground, | 


A. furveyor with one or two affiftants, and this 
inftrument, can meafure any quantity of land in a- 


bout half the time he could do it in by any other 
means, - 


To the ufe of this inftrument it may be objected, 
that in going over many plough ridges, or ant-hills, 
there will be a confiderable difference in the lengths 
given by the chain and wheel; there will, indeed, 
be fome difference, and rather more than will hap- 
pen in meafuring the fame diftance forwards and 
backwards by the chain; for, by a trial on a com- 
mon full of large ant-hills, in the moft uneven part 
thereof, the wheel gave a pole more than the chain, 
in the length of a quarter of a mile, and going 
over more than roo hills; and in meafuring this 
length back again, the wheel gave the fame di- 
ftance ; but the chain gave near half a pole more 

I than 
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than before: Befides, an experienced artift would 
avoid taking the worft place. 


With regard to the objections concetning the 
paffing of rivers, ponds, woods, brakes, €c, they 
are of {mall import; for a perfon of any thare of 
fagacity, will readily know how to proceed on fuch 
emergencies, 


With regard to the paffing of hedges, ditches, 
gates, €¥c. and without varying the indices ;’ thefe 
are eafily anfwered ; for by hafping the wheel, a 
contrivance to do this being provideds the indices 
are fixed; and the weight of the whole, though 
increafed by the Theodelite, will not much exceed 
thirty pounds: But they may be made much lighter ; 
and may be fo contrived, both frame and wheel, as 
to take to pieces for the convenience of carriage, 
and packed up in the fpace of little more than a 
cubic foot, 
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The ufe of the Univerfal Dial, and the variation of 
the compa/s. 


T has been fuppofed,, that a needle, playing free- 
ly, which has had a ftrong touch from the load- 
itone, points exactly north and fouth.. But by num- 
berlefs experiments it has been proved, That the 
needle:does, not point exactly north and fouth, any 
where but in.fuch places on, the earth as lie on one 
particular line, which is therefore called, The Line of 
no Variation; and this line is found to change its fi- 
tuation by a flow motion, from eaft to weft. It 
now paflés from the weftward of the Cape of Good 
Hope to the Weft-Indies. And the variation of the 
needle in all other places is known conftantly to alter 
by a flow change. In England that end of the needle 
which has. been fuppofed to point full north, de- 
viates from it now about 44.* degrees to the weft- 
ward; and is ftill, and alfo will for many years con- 
tinue to increafe, even till it arrive at its Maximum ; 
and then’ will decreafe tll it vanifhes, and then 
change to the eaftward, as it formerly was; and by 
an ofcillatory change will fo continue to alter, 
This variation of the needle would no ways hin- 
der the exaétnefs of the furvey, if it was conftant ; 
nor is the alteration of the variation capable of mak- 


* Inthe year 1749, the deviation to the weftward was about 
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ing any fenfible error in a furyey that is. performed 
in a {pace of time not exceeding four or five years. 
But if the quantity of the variation be not known, 
and confequently not ailowed for, the north point of 
the compafs, which the furveyor draws on his map, 
will err'as much as that variation is, It is therefore 
convenient.in all places to find it; and this may be 
done feveral ways :, But by none more readily, more 
eafily, or more exactly, than by the univerfal dial, 
as now made by Mr. Hearn, the inftrument- 


maker mentioned before, the figure whereof is in the. 


plate fronting the title. 

This dial confifts of four principal parts, wzz. the 
Foot or Pedeftal, the Meridian, the Equinoétial, and 
the Bridge. 

The Pedefial contains a box and a. needle, and 
two. crofs, levels ; whereby, with the help of the 

three {crews in the foot, it may be placed truly, hori- 
zontal; and while the ‘pedeftal remains in this fitu- 
ation, HR box and the circles of the inftrument may 
be turned round to acquire a proper pofition of the 
meridian. . The circumference of the box is. divided 
into 360 degrees, and within this is another circle 
‘divided into four quadrants, and each numbered 
with go degrees. On the plane of that part of the 
pedeftal which is moveable are fegments ‘of circles, 
containing a.table of the equation of time; .fhewing 
the months, and days of the month, together with 
the minutes which watches, or equal time-keepers, 
are too faft: or too flow for the motion of the fun: 
And on the outer margin of this moveable part, is 
a circle divided and numbered, either into 360 de- 
grees, or into four quadrants, containing go degrees 
each ; beginning with o degrees, at two points dia- 
metrically oppofite: This circle flides againft the 
fixed ring of the pedeftal, on which 1s a Vernier’s 
{cale, (commonly called Nonius’s) for obtaining parts 
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The two fcrolls which ftand upright on the plane 
of the pedeftal, and fupport the rings of the initru- 
ment, have fixed to them a ftrong ring, whofe plane 
is at right angles to the divifion o degrees on the 
plane of the pedeftal ; within this ring flides the me- 
ridian, on one fide whereof are engraved the names 
of places, with their latitudes; and the other fide 
is divided into four quadrants of 90 degrees each: 
To the upper part of the ring, within which flides 
the meridian, 1s fixed an index, on which is a Ver- 
nier’s {cale, ferving to fhew the parts of degrees on 
the meridian; and to this piece is fixed a ring, by 
which the whole inftrument may be Jifted. 

Concentric within the meridian is the equinoctial 
ring; having on one fide the names of fome places 
with their latitudes; on the other fide the hours of a 
day, each divided into every fecond minute ; and the 
infide of the ring divided in the fame manner. This 
ring turns on two points diametrically oppofite, 
fixed at the divifions XII and XII, and the fame 
points are fixed on the infide of the meridian ring, 
again{t the diametrical divifions o and o. The equi- 
noctial ring turning on thefe points, may be fhut up 
within the meridian ring, or fet at right angles to it, 
beyond which pofition it is not fuffered to pafs, 
there being two pieces fixed to the meridian which 
{tops the equinoétial ring when in the faid pofition. 

The Bridge is a {trait flat piece, fo fixed to the 
meridian ring as to turn on two points in the direc- 
tion of the middle of the bridge, and oppofite to 
the divifions 90 and go on the meridian, On one 
fide of the bridge are the names of the months, with 
divifions to every fecond day; on the other fide are 
the figns of the Eeliptic, with their diftances gra- 
duated to every fecond degree; alfo the degrees and 
half degrees of declination, north and fouth; and in 
the middle of the bridge is a flit, in which is placed 
a flider, with a hole in its middle, 

When 
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When an. obfervation is made with this inftru- 
ment, the latitude of the place counted on the me-= 
ridian according as it is north or fouth, diftinguifhed 
by N. and S, mufl be brought to the index at top 3 
the flider on the bridge muft be brought to either 
the day of the month, the Sun’s declination, or the 
Sun’s place, and then it will accordingly fhew the 
other two: The equinoctial circle muft be thruft 
out of the meridian, till it is at right angles to it. 
Then bring the beginning of the degrees on the ho- 
rizontal part of the pedeftal to the index there: 
Turn the whole about upon the three feet, til! the 
Sun fhines equally on both faces of the plane of the 
meridian, the north part of the inftrument being; 
towards the north part of the world, and fet the 
horizontal plane level, Then fhall the dial be duly 
rectified for obfervation. 


It may be readily known when the plane of the 
meridian is directed to the Sun’s centre, by holding 
a piece of clean paper behind the meridian, and ob- 
ferving that the fhade of the fore part of the ring 
falls juft on the breadth of the infide of the back 
part ; and that the fhade on the paper is of the fame 
breadth with the thicknefs of the ring, 

Now keeping the three feet in the fame place, 
turn the dial about, till the fpot of light paffing 
thro’ the hole in the flider, falls on the circle which 
is divided into hours, €9¢, in the middie of the in- 
fide of that ring which reprefents the equinodtial ; 
which will be among the morning hours, if before 
noon; and among the evening hours, if after noon ; 
then will the dial fhew thefe following very ufeful 
and pleafant problems, 


1. The fpot of light points out exactly the hour 
of the day, 
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( 168 ) | 
NH. The circle reprefenting the meridian, fies 
exactly in the plane of the’ céleftial meridian; and 


fo a thread ftretched over either face of it,’ draws a 
true meridian line. | 


Il]. The middle of the: bridge points exactly to 
the true poles. 


IV. The needle inthe box fhews the variation 
by the diftance of its end ‘from’ the beginning of 
the degrees there -matk’d ; and is weftward, if the 
north end of the needle be to the left-hand’ of the 


beginning of thofe degrees, but eaftward when to 
the right, 


V. The index on the horizon, points out the 
Sun’s Azimuth, which is to be reckoned from eatt 
or weft, if the circle on the horizontal plane is di- 
vided into four nineties. 


VI. Turn the meridian about the plane’ of the 
horizon, till the Sun fhines equally on both its faces 
as at firft, the three feet ftill ftanding in the fame 
place, and move the meridian towards or from the 
Sun, till the {pot of light coming thro’ the hole in 
that fight which has the crofg hairs in it, falls exaét- 
ly on the little hole in the other fight’ which will 
then be undermoft; and the index in the Lenith, 


points to the Sun’s altitude, among the divifions of 
the meridian, 


By this inftrument, may the pofition of any wall 
be thus found: Let a flrait broad ruler, whofe fides 
are parallel, be applied to a wall, on which a verti- 
cal dial is defigned to be drawn, and the two feet of 
the dial mark’d A, A, be applied to the other 
edge of the ruler; then let the dial be regtified to 
the latitude of the place, with the day of the month ; 

be 
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be levelled, and the upper part of the inftrument 
turned about till the fpot of light fall as before; then 
the index on the horizon will give the fituation of 
that wall, ufually called by diallers, ‘The declination 
of the plane. Or, if the Sun does not fhine, apply 
the legs A, A, to the ruler, keep them in that po- 
fition, and turn the upper part about, till the north 
end of the needle points at the variation; and then 
will the index on the pedeftal fhew the fituation. 

This curious inftrument is of great ufe for the re- 
gulation of clocks and watches, “by the help of the 
apparent time obferved by it (as fhewn above) and 
the equation of time engraved qn the horizontal part 
of the pedeftal. 

It is alfo a very ready inftrument for feating an 
horizontal dial duly: For after the apparent time is 
found by it, and the horizontal dial fo feated, that 
it may be turned about, and ftill be parallel to the 
horizon ; then move it round, the Sun fhining there- 


on, till it fhews the fame hour that the univerfal dial. 


fhews, and then itis truly placed, and may be there 
fixed to the pedeftal. 

And becaufe the latitude of the place where the 
inftrument is ufed, muft be known; there is en- 
eraved on the backfide of the meridian, or the un- 
derfide of the pedeftal, the latitudes of the cities, 
and moft remarkable towns in Exgland, and other 
parts of Europe. 

But if any gentleman pleafes to communicate to 
the ork. the latitudes of his country feats, 
they may be particularly laid down on it. 

Or if any gentleman about to travel, is pleafed to 
communicate the tour he defigns to take, he may 
have a catalogue of the towns in his way, and their 
latitudes, for Mr. Heatd, with the inftrument, in 
order to eafe him of the trouble of fearching maps, 
globes, or geographical books, 
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( 3170 ) 

The variation of the needle may be found by the 
Theodolite, thus: Take the bearing of the Sun exact- 
ly at 12 at noon, and the north-end of the needle 
gives the variation. 

Or, take the bearing of the Sun, either at the 
time of rifing or fetting; and then, fay: As the 
fine of the complement of the latitude, is to the Gne 
of the declination; fo is the fine of 90 degrees, to 
the fine of the Sun’s diftance from the eaft at rifing, 
and from the weft at fetting ; and is always fouther- 
ly, when the declination is fouth, and northerly 
when north, And as much as this diftance differs 
from that obferved by the inftrument, fo much is 
the variation: And if the bearing taken by the in- 
itrument be to the left-hand of that calculated, it is 
wefterly, otherwife eafterly. 

Or it may be found, by an horizontal dial, duly 
feated, without the Sun; if you ftretch a thread on 
that dial’s meridian line, and the inftrument placed 
near it, you turn the index about, till the telefcope 
is parallel to that thread ; for then the bearing fhewn 
by the north-end of the needle, is the variation. 


Befide the preceding ufes of this univerfal dial ; 
it may, with a very {mall addition, be applied in all 
refpects as a Theodolite, or Circumferentor ; or this 
dial may be aptly and eafily mounted on a Theodo- 
lite, and be taken off at pleafure. 

There is one inconvenience ufually attends the ufe 
of thefe inftruments, which in this may be remedied : 
From about an hour before, to an hour after noon, 
the paffage of the fpot of light over the equinoétial, 
forms with it fo acute an angle, that it is not very 
eafy to.obferve the point where it crofles it; and, 
confequently, the preceding problems cannot be fo 
exactly performed. And juft at noon, the thick- 
nefs 
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nefs-of the brafs fhades the flider and bridges; and 
{o no obfervation at all can be made. 

In this cafe, bring the beginning of the degrees 
to the index on the horizontal part, and let the hour 
be taken by the inftrument fome time before, which 
+s remote from noon, whether before or after, on the 
board of the window of your ftudy, where you de- 
fign to ufe it; the index all the while pointing to the 
beginning, of the degrees. Lay a {trait ruler to 
touch the feet marked A, A; and by its edge, draw 
on the window-board a ftrait line, or make two 
points where that ftrait line fhould be drawn: And 
then, at any time that is very near noon, by laying 
the ruler to the line or points, bringing the begin- 
ning of the degrees on the horizontal part of the 
pedettal to the index, and applying the feet A, A, 
to the edge of the ruler, as before ; if you rectify 
the inftrument to the latitude and day, you may fee 
the true time either before or after noon; and juft 
at noon, the middle of the under part of the meri- 
dian will be fhaded by the upper; and confequently 
the time of noon, is known, and determined, whe- 
ther it be before or after noon. : 

If you are in a ftrange place, and the time be very 
near noon, level the inftrument, and turn it about 
till the north-end of the needle points at the varia- 
tion, and then it is duly placed, and you may worlc 
as in the laft. 

Much more might be faid of this inftrument’s 
ufe, but my defigned brevity will not permit me to 
enlarge any farther thereon. 


The latitude of a place may be found by the 
common Theodolite, thus: Turn the plate of the 


sn{trument fo that it be in a vertical pofition, in the St 
plane of the meridian, which may be readily known aN 
by applying to the plate a ftring and plummet ; with ." 
this pofition, Set the fixed fights horizontal, ae a 
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by a level, or bythe thread of a plummet cutting 
the degree at right angles to the fixed fights ;, then 
a little before noon move the index fo that the Sun’s 
rays pafling thro’ the hole in one fight, the fpot 
may fall direétly on the middle line .of the other 
fight; and the degrees.cut by the index will fhew 
the Sun’s altitude at that time: As the Sun mounts 
higher, the fpot will defcend on the fight, therefore 
keep the index moving fo as to ftay the fpot on the 
line, until the {pot be obferved to begin to rife a- 
bove the line, then obferve the degrees cut by the 
index, and they will be.the meridian altitude, and 
their complement to go, will be the Sun’s zenith 
diftance;.. which on this fide the tropic of Cancer 
mutt always -be named fouth. 

Now, having the Sun’s meridian zenith diftance, 
and his declination taken from tables, the latitude 
of the place may be found by this 

Rute. If the zenith diftance and declina- 
tion have contrary names, their fum gives the lati- 
tude fought, of the fame name with the declination. 

But, if the zenith diftance and declination have 
the fame name, the difference, will be the latitude 
fought, of the fame, or a contrary, name with the 
declination, as it is greater, or lefs, than the zenith 
diftance. 
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The defcription and ufe of the Pantographia, or 
Imitator. 


HIS inftrument confifts of four rulers, two 

large and two fmall.: The two great ones are 
joined at one of their extremities by a joint, or cen- 
tre, about which they are eafily moveable. At the 
bottom of this joint is a little roller or cafter, whereon 
the inftrument is to bear: Oneend of each, of the 
two fimall rulers are pinned near the middle of each 
great one, and the other ends faftened by a joint, fo 
that in whe manner foever the inftrument is moved, 
the four rulers always form a-parallelogram, having 
two contiguous fides about as long again as the other 
two fides. 

The two longer, and one of ‘the fhorter rulers 
have each a box fitted to them, that may be moved 
and fixed to any part of the faid rulers, by means 
of a {crew fixed to the box. Thefe boxes have each 
a cylindric hole, wherein ‘may be alternately put 
three things; namely, a, tracing-point, a port- 
crayon, that ‘rifes and lowers of itfelf, according 
to the unevennefs of the plane worked upon; 

and, a fulcrum that fcrews into the table, the top 
whereof “is a cylinder ' fitting one of the boxes : 
This fulcrum is the fixed point round which the in- 
ftrument moves, when ufed ‘to copy with. There 
are alfo other ‘cafters on which the rulers reft, ferving 
likewife to facilitate their motion. On thefe rulers are 
divifions with figures, fhewing where to place the 
4. cham- 


NTE LTE ET EEN LET I ATE | 









y j Me 7 Fd WY Yh 
lr geet ee ecg i AT ee age 
TS Ste = ey 


i 


(174) 
chamfered, or bevel edge of the boxes, according to 
the intended reduction. | 
This inftrument is convenient for fuch who are 
converfant in the art of drawing, as well as for thofe 
who have made but little progrefs therein; for with 
it, may be neatly taken, with great eafe and ac- 
curacy, the copies of all manner of defigns, whe- 
ther figures, ornaments, plans, geographic carts, 
and fuch like, reducing them from a larger fize to 
a {maller, or from a fmaller to a larger. The re- 
ferences in what follows is in plate VII, where the 
three boxes are marked by the letters A, B, D. 


To ufe the Pantography. 


Firft, Having determined the proportion that is 
to be between the original and copy, fet the bevel 
edge of the boxes B and D to the divifion expref- 
fing that proportion, there fcrew them faft ; and fix 
the edge of the box A tothe line C. 


Second, Screw the fulcrum into fome convenient 
part of the board on which the operation is to be 
performed, 


Third, Put the fulcrum into the hole of the box 
B; the crayon into that of D, and the tracer into 
that of A, when the copy is to be lefs than the ori- 
ginal; but when larger, put the crayon into A, and 
the tracer into D, . | 


Fourth, Open the inftrument fomewhat, fix the 
original under the tracer, and clean paper under the 
crayon ; then, while a fteady hand moves the tracer 
over the lines of the otignall the crayon or pencil 
will draw the copy required, 


The 





























- . - raat “ = Sots FF 
tae Nat Sa niece a capi hh I: 
c i, aN POR MN GS tess = At aE bigs 


us 



































The divifions or ratios thought proper to be 
placed on the rulers Band D of this inftrument, 


AIC 2 39 Go 59 Go 7> Bs Oo Tox THs Tz3 and 4, 
Silty 5 GUNES is oes. eet SEs) thefe numbers de- 
note the propofed ratios between the copy and ori- 
ginal; thus, if the copy is to be half the length 
and breadth of the original, the boxes B, D, and 
A, are to be fet at the divifions 3 and C;_ then the 
fulcrum is to be put into B, the crayon in D, and 
the tracer into A: If the length and breadth of the 
copy is to be 4 of thofe of the original, the boxes 
B and D are to be put to the divifions 2, the box 
A, remaining at the mark C, where it is to be fet in 
every operation ; the fulcrum to be put into D, and 
the crayon into B. And in like manner any other 
diminution, within the limits of the divifions, may be 
readily performed. | 

When the copy is to be increafed in any ratio ex- 
preffible by one of thefe numbers, the boxes B and 
D are to be fet to that number as before; the ful- 
crum put in B, the tracer in D, and the crayon in 
A; then the picture being put under the tracer D, 
and the clean paper under the crayon A, the copy 
may be taken as before. 

When the copy is to be of the fame fize as the 
original, fix the bevel edge of the boxes B and D, 
to the marks 3, and the box A to the mark C; put 
the fulcrum into the box D, the crayon into B, and 
the tracer into A; then will the crayon B move 
over equal lines and fpaces with the tracer A, and, 
confequently, delineate a copy equal in fize to the 
original, 

And thus may any picture be accurately copied 
without damaging it in the leaft ; for the tracer may 
be paffed over the lines without preffing on them, 
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( 176 ) 
in defcribing the ufe of this inftrument, particularly 
fome appendages and cautions not yet mentioned. 

In plate VII. fig. 1. reprefents the plan of the in- 
ftrument, with all the divifions 5. figure 2 is a per- 
{pective view of iton a table, in the proper pofition 
for ufe. The boxes A, B and D.are placed: for re- 
ducing the original to one third of its fize, or as 4 
to 3, fhewnin the figure. The fulcrum I, fcrewed 
into the table, is placed in the box. B; this fulerum, 
as hitherto defcribed, is fixed, but a moveable one 
may be fubftituted in. its room, <as fhall be fhewed 
hereafter. 

Over fig. 2, the different pieces fixed to the rulers 
are feverally reprefented: — The figures A and B-re- 
prefent the two boxes. : E is the ‘tracing point that 
fits:in the focket N, fixed to the boxes’ A and B. 
Thefe fockets has a little ferew O, ferving to fix the 
tracing point when fer in the boxes, at the proper 
height. 

Figure F is the tube for the port crayon. G is 
the port crayon to be put into the tube F;° it has a 
{mall filken ftring fixed to it, ferving to raife the 
crayon or pencil, fo that it may not touch the paper 
while it is moving from one place to another. This 
{tring is thus ufed ; when the crayon is in the box D, 
pais the loofe end through the holes»in the upright 
pieces fixed at Z, S, X, fio, 2; then taking the 
end into the hand holding the box. A, the crayon 
may be rarfed with the’ greatelt eafe, whenever it is 
wanted, even while the inftrument is moving, But 
if the crayon is put into the box A, then the loofe 
end muft pals through the holes in the pieces X, S, 
Z, and fo to the hand, which in this cafe will have 
hald ef the box D, 

The {tring is reprefented in fig. 2. its length is al- 
ways the fame, however the boxes are placed, be- 
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The cup H above the port crayon G, {crews on 
its upper part, and ferves to increafe the weight of 
the crayon or pencil, making it prefs harder on the 
paper when neéceffary ; this is done by putting in 
leaden fhot, or any fuch like weight. 

The little wheel, or caftor, L, that has a double 
flit or groove, x and y, is fixed to the ruler B by 
the under groove x, when the crayon is put into the 
box B. But if put into D, the caftor or wheel L 
then flips on the ruler D by the upper groove y. 
M is a wheel or caftor to be put on the ruler A. 

The fulcrum, {crewing to the table, as mentioned 
in the foregoing defcription, and reprefented in fig. 2, 
being proper only to copy fubjects of a middling 
{ize ; a moveable fulcrum reprefented by fig. P,-is 
to be ufed when the picture is large. This fulcrum 
is a piece of lead of fufficient weight to prevent its 
being difplaced by the motion of the inftrument. In 
the middle thereof is fcrewed a pin K, like the fixed 
fulcrum I. The figure R is-a little collar, ferving 
equally to either the fixed or maveable fulcrum, on 
whofe pin. itis put when either of them is placed 
at the box D: But is not ufed when placed at the 
box B, becaufe this is lefs diftant from the table. 
Little collars, of different heights, are alfo ufed in 
the fame manner to K and I; the ufe thereof de- 
pending on the prudence of the operator, taking 
care that the motion of the inftrument be performed 
with the utmoft freedom. 

With this moveable fulcrum a picture or drawing: 
o jany dimenfion may be copyed: For the picture 
being made faft on any table or plane, ‘the fulcrom 
mutt be fo fituated that a part thereof may be copyed 
as far: as the inftrument can extend at that time. 
Then on the picture and paper mark three corref- 
ponding points on each, to ferve as references for 
finding the pofition of the fulcrum in the copy, re- 
latively to what has been, already drawn; move 


N the 


ME ETEIESE LTE PTET ATE ORR A A tO EN 2 | pe 





the fulcrum towards the picture, and when the three 


points on each are found to correfpond, fix the copy 
in that fituation with a little foft wax; then con- 
tinue drawing. as far as the inftrument can extend, 
as before, repeating this operation till the whole is 
copyed, 

The ufefulnefs of this moveable fulcrum is eafily 
perceived for if towards the end of the operation 
both the copy and fulcrum fhould reft on the pic- 
ture, it would be no inconvenience as they no ways 
damage it. By this means alfo the extraordinary 
length of the rulers is prevented, which are gene- 
rally but of about two foot anda half; a greater 
length would render them inaccurate, becaufe they 
would then be more fubject to bend and fpring. 

It may happen, on account of the fize of the 
paper, or otherwife, that the copy will not be in a 
proportion to the original, expreffible by any of the 
divifions on the inftrument; in fuch cafe a method 
muft be found to do without, by placing the crayon, 
tracer and fulcrum in a pofition anfwering to the re- 
lative dimenfions of the original and copy. 

In order to which it is neceffary to obferve, that 
the fundamental principle, on which depends the ac- 
curacy in operating by this inftrument is, that the 
fulcrum, crayon, and tracer, are always to ftand in 
a right line, in every pofition of the rulers; when- 
ever they are fo, the copy will truly reprefent the 
original. By the following method it will be known 
if thofe three points ftand in a night line. 

Let the fulcrum, crayon, and tracer, be included 
between a doubled thread, as in the figures marked 
1, 2, 2, ftanding under the inftrument marked 
fig. 1: Hold thefe threads faft at the mark 3, 
and if the points are not in a right line, the thread 
will be bent at the box D, marked 2 ; this box muft 
then be moved till the threads become parallel, by 
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( 179 ) 
touching both fides of the three cylinders; which 
will then be in a right line. 

This principle being obferved in the pofition of 
the abovementioned points, let there be given a picture 
or drawing of any dimenfion to reduce toa fize that 

4s no aliquot part or parts of the original ; then ope- 
rate in the following manner. 

Examine, firft, if the given fize is greater or lefs 
than half the original, 

When lets, always place the fulcrum in the box 
B, the crayon in the box D, and the tracer in A; 
thefe points being brought to a right line as before- 
mentioned, run over with the tracing point A, the 
whole length or breadth of the original in a ftrait 
line ; then examine whether. the line made by the 
crayon agrees with the fize given. 

If not, and that the fpace run through by the 
crayon is lefs than the given fize, bring the box B 
nearer to the line Bon its ruler, and the box D 
nearer the line D on its ruler. 

If, on the contrary, the line traced by the crayon 
be greater than the given fize, bring the two boxes 
B and D towards the junction Z of the rulers B 
and D; and, by trials, the proper extent will be 
found. 

By this method, a drawing of any dimenfion may 
be copyed on any given fize, without regard being 
had to the divifions on the ruler. 

If the given fize be greater than half the original, 
then the fulcrum muft be placed in the box D, and 
the crayon in the box B, 

When the picture is fo large that the inftrument 
cannot extend to its limits, then a third, fourth, &¢. 
part may be taken, proportioning the parts of the 
copy to thofe on the original; and working accord- 

ing to the foregoing directions, an accurate reduced 
copy thereof may be obtained. 
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To find the divifions on the legs SB, SD. 


Let the lines AB, AC, EG, GH, (Fig. 4. 
Plate VM.) reprefent four rulers, fo connected toge- 
ther, that in any pofition of AB, AC, there may 
always be formed a parallelogram, whofe fides are 
A B,:EG,.GH, ELA. 


Now if AC is of any fixed length, and the ra- 
tios of AE and ED to AC be affumed, and thro’ 
D be drawn the right line CD, meeting AB in B. 


Required the length of AB. 
Let AC: AE::a:¢. Then AE=~ x AC. 


And AC: ED::a:m. ThnED=—x AC, 
Now CF: FD::ED:EB, by fimilar tri- 


angles. 


Or AC—ED:FD::ED: AB—AE. 


FDxED 
Then AB—A E—E B= RGeED 


Put AC=r. Then AE=— a and ED=—r. 
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Therefore ABxr—ABx = rare, 
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Hence AB=irx - 





, when AE= Cy 
—m 


Alfo AB=2x ee hieik Acar 
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If the ratio of AE and ABto AC were aflumed, 


to find ED. 


Then AB: AC::EB: ED. 
Or AB: AC::AB—AE:ED. 


Let AB: AC::s2¢, ThnAB= ~ AC. 


And AC: AC:: > AC—AC:ED. 
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Therefore ED= wa)! ——x —x?r. 
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Hence ED=1— : x27, when AE=2 AC. 


Alo ED=1—4x-~, when A C= 1. 


And hence the numbers in the following table 


were found. Where ED in the firft column, and 






A Bin the third, are each compared to AC, their 
ratios being exprefied by the numbers in thofe co- 
lumns ; and the numbers in the fecond and third co- 
Jumns, are related to AC asthe unit; AE being 


fuppofed equal to z AC. 
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JA TABLE for the divifions of the Pantographer, 


When ED | Then AB 


is is 





+s i, 

+ 0375 

é 0,6666 
+ 0,025 
a 0,6 

> 0,5833 
z 0,5714 
* 0,5625 
<6 055555 
— 0355 
“os 0,544.4. 


When the ratio of the copy to the original is 
found in the frft column; the tracer is to be in A, 
the crayon in D, and the fulcrum in B, if the copy 
1s diminifhed ; but, if increafed, the tracer and cr 


change places. 


And if the ratio of the copy to the original is 
found in the third column, then the tracer is to be 
in A, the crayon in B, and the fulcrum in D, if 
the copy is diminifhed ; but if the copy is to be in- 
creafed, the tracer is to be put into B, and the crayor 
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